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Introductory  Note^ 

'  I  ^  HE  successful  education  of  the  man  in  the  shop  is  a  question 
-^  of  vital  importance.  The  difficulties  under  which  he  toils 
in  his  struggle  for  advancement,  and  his  daily  labor,  render  im- 
possible  the  usual  means  of  education,  and  prevent  the  attending 
of  a  resident  technical  school.  Probably  the  most  successful 
substitute  for  such  a  school  is  the  correspondence  method  of  in- 
struction.  Thousands  of  mechanics  are  improving  their  conditions 
by  devoting  a  half  hour  each  day  in  systematic  study  under  the 
direction  of  men  who  have  had  long  experience  in  teaching,  and 
in  practical  shop  work.  There  are,  however,  many  who  cannot 
afford  the  time  and  expense  necessary  for  even  a  correspondence 
school  course.  For  such  the  Cyclopedia  of  Modern  Shop  Practice 
is  prepared. 

C^  This  Cyclopedia  is  compiled  from  the  most  practical  and  most 
valuable  Instruction  Papers  of  the  American  School  of  Correspon- 
dence. These  Instruction  Papers  have  been  prepared  especially 
for  home  study  and  are  intended  primarily  for  such  work.  As 
their  extended  use  in  the  American  School  of  Correspondence  has 
proved  them  to  be  of  great  practical  value,  and  a  successful  means 
of  instruction,  they  form  a  reliable  treatise  on  the  subject  of  shop 
practice. 

Ct  Th^  correspondence  student  needs  a  thoroughly  technical  work 
free  from  superfluous  theory;  in  like  manner  the  reader  of  the 
Cyclopedia  must  have  the  necessary  theories  carefully  explained, 
and  the  results  of  practical  experience  clearly  pointed  out.  By 
giving  the  best  material  on  shop  practice  to  the  busy  man  in  the 
shop,  the  editors  hope  that  he  will  achieve  the  success  that  results 
from  a  combined  knowledge  of  theory  and  practice. 
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PART  L 

As  generally  understood,  a  tool  maker  is  a  machinist  who 
has  a  greater  knowledge  of  the  trade  than  is  simply  sufficient  to 
enable  him  to  make  such  machines  or  parts  of  machines,  as  may 
be  the  regular  product  of  the  shop  in  which  he  may  be  employed. 

The  business  of  the  tool  maker  is  to  make  the  tools  for  pro- 
ducing the  different  parts  of  the  machine,  implement  or  apparatus, 
and  relates  not  only  to  cutting  tools,  but  to  jigs  and  fixtures  for 
holding  the  work  while  the  various  operations  are  being  done,  and 
making  the  necessary  gauges  to  determine  when  the  different 
parts  are  of  the  correct  size  and  shape.  Also  the  making  of  the 
models  for  the  different  fixtures  and  gauges.  In  some  shops 
where  there  is  work  enough  of  the  two  latter  described  classes, 
the  tool  makers  regularly  employed  on  this  work  are  termed 
gauge  makers  and  model  makers  respectively.  Yet  in  the  aver- 
age shop  the  models  and  gauges  and  such  special  machinery  as 
may  be  required  are  made  by  the  tool  maker. 

In  order  to  acquire  any  degree  of  success,  the  tool  maker  must 
not  only  be  able  to  work  accurately  and  within  reasonable  time,  but 
he  must  have  a  knowledge  of  drafting  to  enable  him  to  read  quickly 
and  accurately  any  ordinary  drawings.  Unless  he  can  read  deci- 
mal fractions  readily  and  accurately,  he  will  experience  much  diffi- 
culty when  working  to  measurements  that  require  accuracy  Avithin 
one  ten  thousandth  part  of  an  inch.  As  most  of  the  measuring 
instruments  used  by  the  tool  maker  read  to  one  thousandth  part  of 
an  inch,  and  some  of  them  to  the  ten  thousandth  part  of  an  inch, 
or  even  closer,  it  will  be  readily  seen  that  in  laying  off  measure- 
ments for  gauges,  models,  drill- jigs  and  similar  work,  a  thorough 
knowledge  of  Arithmetic  is  essential. 

A  tool  maker  should  be  familiar  with  the  accurate  reading  of 
the  micrometer  and  of  the  vernier  as  applied  to  the  vernier  cali- 
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per,  remier  depth  gaug«  and  vernier  height  guage.  He  mast 
bear  in  miiid  when  using  the  vernier  caliper  for  inside  measure- 
ments that  it  is  necessary  to  add  the  amount  of  space  occupied  by 
the  caliper  points  A  A  Fig.  1  to  the  apparent  reading  on  the 
vernier  side. 


^^^ 


When  measuring  the  distance  between  the  centers  of  two 
holes  as  in  Pig.  2,  the  vernier  may  be  set  so  that  the  portions  of 
the  jaw  marked  A  A  Fig.  1  will  exactly  caliper  the  distance  from 
B  to  B'  in  Fig.  2.  To  the  apparent  reading  of  the  vernier  add 
the  space  occupied  by  the  caliper  points,  and  from  this  subtract 
one-baU  the  diameter  of  each  of  the  holes.     It  i 


•^ 
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caliper  the  size  of  each  hole.  Do  not  take  anything  for  granted 
when  accurate  measurements  are  necessary.  A  reamer  sltovld 
<dway»  cut  an  exact  size,  but  experience  proves  that  it  does 
not  always  do  so.  If  the  size  of  the  hole  is  taken  for  granted, 
a  variation  of  .002  inch  means  an  error  of  .001  inch  in  a  measure- 
ment. 
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While  extreme  care  sliould  be  exercised  where  accuracy  is 
essential,  there  are  parts  of  a  tool  where  apprortmatf  measure- 
ments will  do.  If  within  j'^  inch  is  sufficiently  accurate,  it  is 
foUy  to  spend  time  to  get  a  dimension  within  a  limit  of  one  ten 
thousandth  part  of  an  inch. 

Approximate  measurements  are  those  made  with  the  aid  of 
calipers,  dividers,  surface  guage,  etc.,  set  to  an  ordinary  steel  rule. 
Precise  measurements  are  ohtained  hy  the  aid  of  the  various 
measuring  instruments  graduated  to  read  to  very  small  fractions  of 
an  inch.  Also  by  the  use  of  standard  reference  discs,  and  standard 
t€st  bars,  accurate  within  a  limit  of  variation  of  jn^im  part  of  an 
inch.     In  using  the  micrometer,  vernier  or  any  of  the  measuring 

\i 

.  instruments  supposed  to  give  accurate  readings,  it  is  necessary  to 
[  exercise  great  care  in  setting  the  tools.  In  setting  the  vernier  it 
is  well  to  use  a  powerful  eye-glass  in  order  that  any  error  in  setting 
may  be  so  magnified  as  to  be  readily  apparent. 

The  difference  lietween  the  two  characters  of  measurement-! 
described  —  approximate  and  precise — may  be  readily  seen  in  the 
plug  gauge  shown  in  Fig.  Z.  The  gauge  end  A  must  be,  when 
ground  and  lapped,  exaftli/  1  inch  in  diameter,  as  bhown  by  the 
stamped  size  on  the  handle  C.  The  handle  should  be  ||  inch  in 
diameter  and  knurled,  and  the  neck  |  inch.  While  the  end 
marked  A  is  necessiirily  a  prenae  measurement,  B  and  (■  are  ap- 
proximate, and  an  error  of  j',  inch  or  more  on  cither  diameter 
would  not  interfere  with  the  accuracy  of  the  gauge.  This  does 
not  mean  that  so  great  an  amount  of  variation  from  given  sizes 
should  ever  occur,  hut  the  illustration  is  given  to  show  that  the 
practical  workman  will   never  spend   an   unnecessary  amount  of 
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time  to  produce  accurate  measurements  when  approximate  meas- 
urements will  do.  On  the  other  Iiand,  all  care  possible  should  be 
taken  when  lapping  the  gauge  end  A  to  size. 

Points  to  be  Observed.  Keep  the  working  parts  of  any 
machine  you  may  be  rmming  as  clean  as  t)ossible.  Do  not  allow 
chips  to  collect  on  the  sheai-s  (Vs)  of  your  lathe.  If  these  be- 
come roughed  or  worn,  accurate  turning  cannot  be  done.  Keep 
the  machine  thoroughly  oiled,  clean  the  oil  holes  out  occasionally 
with  a  piece  of  wire,  in  order  that  the  oil  may  get  to  the  bearings. 


o 
o 
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Fif?.  6. 


Keep  the  centers  of  your  lathe  in  good  condition,  have  them  to 
gauge,  and  be  sure  the  live  center  runs  true  before  taking  any 
finishing  cuts.  Try  the  center  gauge  on  your  countersink  occa- 
sionally to  see  that  it  maintains  its  correct  shape.  Keep  your 
center  punch  gfround  to  a  good  point.  It  is  advisable  to  grind 
the  prick  punch  used  in  locating  working  points  in  some  form 
of  grinder  having  a  chuck  or  collet  to  hold  the  punch  while 
revolving  it  against  the  emery  wheel ;  if  the  point  is  not  perfectly 
round  it  will  be  impossible  to  indicate  a  piece  of  work  perfectly  on 
the  faceplate  of  the  lathe  by  means  of  the  center  indicator. 
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Special  Tools.  A  vernier  height  gauge  (Fig.  4)  is  a  very 
haiidy  tool  for  making  drill  jigs,  templets  and  other  tools  requir- 
ing very  accurate  measui*ementd,  and  for  locating  working  points, 
holes  or  drill  bushings.  It  is  used  for  obtaining  the  height  of  pro- 
jections from  a  plane  surface,  or  the  location  of  bushings  in  drill 
jigs,  etc.  The  fixed  jaw  A  is  of  suflScient  thickness  to  allow  the 
gauge  to  stand  upright.  An  extension  C  attached  to  the  movable 
jaw  B  can  be  used  for  scribing  lines  when  laying  off  measure- 
ments. In  the  absence  of  a  height  gauge  the  regular  vernier  cali- 
per may  be  made  to  answer  the  same  purpose  by  making  a  base, 
which  may  be  attached  to  the  fixed  jaw  as  shown  in  Fig.  5. 


• 
1 1 
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A  small  angle  iron  having  a  slot  in  the  upright  face  to 
receive  a  scale  for  use  in  connection  with  a  surface  gauge  when 
laying  off  measurements  is  shown  in  Fig.  6.  The  slot  should  be 
planed  perfectly  square  with  the  base  of  the  angle  iron. 

A  pair  of  accurately  machined  V  blocks  is  a  necessary  part  of 
every  tool  maker's  kit.  If  made  of  machinery  or  tool  steel  they 
will  not  need  truing  as  often  as  if  made  of  cast  iron.  After 
roughing  out  the  V's,  every  surface  should  be  planed  square. 
They  should  be  then  clamped  against  the  rail  on  the  planer  table 
by  means  of  finger  pieces,  having  previously  trued  the  edge  of  the 
rail.  The  head  of  the  planer  should  then  be  set  to  the  proper 
angle,  iLsually  45®,  and  one  of  the  angles  finished ;  the  head  may 
now  be  set  over  the  opposite  way  and  the  other  angle  face  planed. 
The  tool  used  should  be  ground  to  give  a  smooth  cut,  as  it  is  not 
advisable  to  do  any  finishing  with  a  file  or  scraper. 
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A  few  small  gfauges  of  the  most  common  angles  will  be  found 
very  convenient,  as  they  can  be  used  in  places  not  accessiUe  with 
the  ordinary  bevel  protractor;  the  angles  most  commonly  used  are 
60^  65^,  70^  and  80**.     The  form  of  gauge  is  shown  in  Fig.  7. 

If  the  tool  maker  should  be  called  on  to  make  punch-press 
dies,  one  or  more  angle  gauges,  as  shown  in  Fig.  8,  will  be  found 
very  useful.  Many  die  makers  use  an  adjustable  square  having  a 
narrow  blade  which  passes  through  the  aperture  in  the  die.  The 
amount  of  clearance  given  is  determined « by  the  judgment  of  the 
workman;  while  this  method  does  very  well  when  practiced  by  an 
experienced  man,  it  is  rather  uncertain  when  attempted  by  the 
novice.  To  get  the  proper  clearance,  the  beginner  should  use  the 
gauge  shown  in  Fig.  8,  called  (improperly)  a  die  maker's  square. 


Fig.  7. 


Fig.  8. 


The  angle  depends  on  the  nature  of  the  stock,  and  the  custom  in 
the  individual  shop  ;  but  a  set  of  three  gauges,  one  91°,  one  91J^®, 
and  one  92®  will  meet  the  requirements,  as  the  clearance  is  seldom 
less  than  1°  or  more  than  2®.  The  angle  should  be  stamped  on 
the  wide  part  of  the  gauge,  as  shown  in  Fig.  7.  To  avoid  spring- 
ing out  of  shape  the  stamping  should  be  done  before  the  gauge  is 
finish-filed  at  any  point. 

The  tool  maker  should  always  have  at  hand  a  solution  of 
blue  vitriol  for  coloring  the  surface  on  which  he  is  to  draw  lines. 
To  make  the  solution,  dissolve  in  a  two-ounce  bottle  of  water  all 
the  blue  vitriol  crystals  the  water  will  take  up ;  to  this  add  one* 
half  teaspoonf  ul  of  sulphuric  acid.  This  produces  a  copper-colored 
surface  when  put  on  polished  steel  free  from  grease  and  dirt 
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STEEL. 

Tool  steel  is  used  for  tools  intended  for  cutting,  pressing,  or 
working  metals  or  other  Iiard  materials  to  shape.  In  order  to 
successfully  work  tool  steel  a  knowledge  of  some  of  its  peculiari- 
ties is  necessary. 

Carbon  is  the  element  in  tool  steel  that  makes  it  possible  to 
harden  it  by  heating  to  a  red  heat  and  plunging  into  a  cooling 
bath.  A  bar  of  steel  from  the  rolling  mill  or  forge  shop  is  decar- 
bonized on  its  outer  surface  to  a  considerable  depth ;  consequently 
this  portion  will  not  harden,  or  if  it  does  the  results  will  be  far 
from  satisfactory.  For  this  reason  if  a  tool  is  to  be  made  having 
cutting  teeth  on  its  outer  surface,  it  is  necessary  to  select  stock 
of  somewhat  greater  diameter  than  the  finish  size,  s6  that  this 
decarbonized  portion  may  be  removed.  About  ^^  inch  for  sizes  up 
to  J  inch,  ^  inch  for  sizes  up  to  1 J  inches,  ^^  inch  for  sizes  up  to  2 
inches,  and  ^  inch  for  sizes  above  2  inches  will  usually  be  sufficient. 

Tool  steel  may  be  procured  in  almost  any  form  or  quality. 
It  is  ordinarily  furnished  in  round,  octagonal,  square  or  flat  bara. 
Many  tool  makers  prefer  octagonal  steel  for  tools  which  are  to  be 
circular  in  shape,  but  experience  shows  that  steel  of  various  shapes 
of  the  same  make  does  not  differ  materially  provided  the  quality 
and  temper  are  the  same. 

Cutting  tools  should  be  made  of  high  carbon  steel  if  it  is  to 
be  forged  or  hardened  by  skillful  operators.  If  the  steel  is  to  be 
heated  by  an  inexperienced  man,  it  is  not  safe  to  select  a  steel 
having  a  high  percentage  of  carbon. 

For  non-cutting  tools,  such  as  mandrels,  it  is  well  to  select  a 
low  carbon  steel  (one  per  cent  carbon  or  less),  because  with  this 
steel  there  is  not  as  great  a  tendency  to  spring  when  hardening. 

Hammered  steel  is  prized  more  highly  than  rolled  steel  by 
fine  tool  makers,  but  authorities  do  not  agree  on  this  point.  It  is 
generally  conceded,  however,  that  the  best  tools  can  be  made  from 
foigings  if  the  heating  and  hammering  have  been  correctly  done. 
The  steel  should  be  heated  uniformly  throughout,  and  hammered 
carefully  with  heavy  blows  at  first.  Lighter  blows  should  follow, 
and,  when  the  piece  passes  from  low  red  to  black,  great  care  is 
needed  to  prevent  crushing  the  grain.  Steel  properly  heated  and 
hammered  will  have  a  close,  fine  grain. 
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Cutting  from  Bar.  It  is  advisable  when  cutting  a  piece  of 
stock  from  the  bar  to  use  a  cutting  tool  of  some  description,  such 
as  a  saw  or  cutting-off  tool.  It  is  decidedly  ix)or  practice  to 
weaken  the  bar  with  a  cold  chisel  and  then  break  by  a  sudden 
blow  or  yank.  This  process  so  disarranges  the  particles  of  steel 
that  they  do  not  assume  their  proper  isolations  with  one  another 
when  hardened.  If  it  is  necessary  to  cut  the  steel  with  a  chisel 
heat  the  bar  to  a  red  heat^  as  it  may  then  be  cut  off  without  injuiy. 

Centering.  When  centering,  care  should  be  taken  that  the 
center  punch  mark  is  exactly  in  the  center  of  the  piece  on  each 
end,  so  that  an  equal  amount  of  the  decarbonized  material  will 
be  turned  from  all  parts  of  the  piece  (see  Fig.  9.)  If  centered  iis 
shown  in  Fig.  10  the  decarbonized  portion  will  be  entirely  removed 


Pig.  9. 


at  side  marked  B,  and  will  not  be  on  the  side  marked  A,  conse- 
quently when  the  piece  is  hardened  the  side  marked  B  will  be 
•hard,  while  the  opposite  side  A  will  be  soft,  or  at  least  not  as  hard 
as  B. 

Straightening.  A  piece  of  tool  steel  that  is  to  be  hardened 
should  never  be  straightened  when  cold.  If  it  is  bent  too  much 
to  remove  all  the  decarbonized  steel  when  turning  to  size,  it  is 
best  (genemlly  speaking)  to  use  a  straighter  piece  of  stock.  But 
if  the  bent  piece  must  be  used,  heat  it  to  a  red  heat  and  straighten. 
A  piece  of  steel  straightened  when  cold  is  almost  sure  to  spring 
when  hardened. 

ANNEALING. 

In  order  that  it  may  be  soft  enough  to  work  easily,  tool  steel 
must  be  annealed.  It  can  generally  be  bought  in  this  condition 
cheaper  than  it  can  be  annealed  when  needed  in  the  factory.     An- 
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nealing  also  removes  the  strains,  or  the  tendency  of  the  steel  to 
cmck  and  spring  when  hardened.  Strains  are  caused  by  rolling 
and  hammering  in  the  steel  mill  or  forge  sliop.  In  order  to 
remove  this  tendency  to  spring,  the  piece  of  steel  should  be 
machined  somewhere  near  to  size,  yet  leaving  sufficient  stock  to 
machine  all  over  after  the  annealing.  If  it  is  a  piece  with  a  hole 
in  it,  such  as  a  milling  machine  cutter  blank,  the  hole  should  be 
drilled  somewhat  smaller  than  finish  size  (y^^  inch  is  the  amount 
generally  allowed)  and  the  piece  turned  in  a  lathe  to  remove  all 
the  outer  surface  which  contains  the  marks  of  the  hammer  or  rolls. 
The  piece  is  now  ready  for  annealing.  To  anneal  a  piece  of  steel 
it  should  be  heated  to  a  uniform  red  heat  and  allowed  to  cool 
slowly.     Steel  may  be  annealed  by  any  one  of  several  methods. 

Box  Annealins^.  For  this  method  it  is  necessary  to  have  a 
funiace  large  enough  to  hold  an  iron  box  of  sufficient  size  to  take 
the  piece  to  be  annealed.  To  do  this  work  cheaply,  enough  pieces 
should  be  annealed  at  a  time  to  fill  one  or  more  boxes,  according 
to  the  capacity  of  the  furnace. 

The  material  used  in  pricking  the  box  is  wood  charcoal,  which 
should  be  ground  or  pounded  until  the  particles  are  about  the  size 
of  a  pea.  A  layer  of  charcoal  covering  the  bottom  to  a  depth  of 
one  inch  is  first  placed  in  the  box,  then  a  layer  of  steel.  The  dif- 
ferent pieces  should  not  come  within  .}  inch  of  each  other  nor 
within  1  inch  of  the  box  at  any  point.  The  spaces  between  the 
pieces  are  filled  with  the  charcoal,  and  they  are  covered  to  a  depth  of 
1  inch.  Another  layer  of  steel  may  be  put  in  if  the  box  is  of  suf- 
ficient size.  When  Avithin  1^  inches  of  the  top  fill  with  charcoal, 
tamp  down,  put  on  the  cover,  and  lute  around  the  edges  with  fire- 
clay, to  prevent  the  direct  heat  of  the  fire  entering  the  box. 

TeBt  Wires,  There  should  be  several  J-inch  holes  drilled 
through  the  cover  near  the  center^  and  through  each  of  these  a 
piece  of  ^^  inch  wire  should  be  placed.  The  wires  should  extend 
to  the  bottom  of  the  box  and  project  about  1  inch  above  the  top 
of  the  cover  in  order  to  be  readily  grasped  by  the  tongs.  These 
wires  are  intended  to  be  drawn  from  the  box  in  order  to  determine 
when  the  contents  are  red  hot.  The  box  should  be  placed  in  the 
furnace.  After  the  box  has  become  thoroughly  heated,  one  of  the 
wires  may  be  drawn  out  by  means  of  a  pair  of  long  tongs.     If  no 
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8uch  tongs  are  available  the  legs  of  ordinary  tongs  may  be  length- 
ened by  pieces  of  gas  pipe.  Note  the  time  when  the  wire  is  i-ed 
hot  the  entire  length.  If  not  red  hot  draw  another  in  ten  or  fif- 
teen minutes,  and  continue  doing  so  until  a  wire  is  drawn  that  is 
red  the  entire  length.  The  work  should  be  timed  fi'om  the  time 
the  box  is  heated  through;  this  is  shown  by  the  wire. 

The  heat  sliould  be  maintained  a  sufficient  length  of  time  to 
insure  a  uniform  heat,  which  should  not  be  allowed  to  go  above  a 
full  red.  The  length  of  time  the  pieces  remain  in  the  fire  depends 
somewhat  on  the  size  ;  for  steel  2  inches  and  under,  one  hour  after 
the  box  is  heated  through  will  do ;  larger  pieces  require  a  longer 
time.  After  running  for  the  necessary  length  of  time  the  heat 
should  be  shut  off  and  the  boxes  allowed  to  cool  slowly;  the 
pieces  should  be  left  in  the  box  until  cold. 

When  there  are  no  facilities  for  annealing  by  the  method 
described,  the  piece  may  be  heated  to  a  uniform  red  and  placed  on 
a  piece  of  board  in  an  iron  box,  having  one  or  two  inches  of  ashes 
under  the  board.  A  second  piece  of  board  should  be  placed  on 
the  steel  and  the  box  filled  with  ashes.  The  pieces  of  wood  will 
smoulder  and  keep  the  steel  hot  for  a  long  time. 

Another  common  method  of  annealing  tool  steel  is  to  heat  the 
piece  to  a  red  heat  and  bury  it  in  ashes  or  lime.  This  is  likely  to 
give  unsatisfactory  results  imless  the  ashes  or  lime  are  also  heated. 
This  can  be  accomplished  by  first  heating  a  large  piece  of  iron  and 
burying  in  the  contents  of  the  annealing  box.  When  the  steel  to 
be  annealed  is  sufficiently  heated  the  piece  of  iron  may  be  re- 
moved and  the  piece  to  be  annealed  put  in  its  place  and  thor- 
oughly buried  in  order  that  it  may  take  a  long  time  in  cooling ;  it 
should  be  allowed  to  remain  in  the  ashes  or  lime  until  cold. 

There  is  another  method  of  annealing  practiced  in  some  shops, 
which  aiiswei-8  in  an  emergency,  but  it  is  not  to  be  recommended 
for  general  use.  This  is  known  as  the  water  anneal.  The  piece 
of  steel  should  be  heated  to  a  low  red^  m  iking  sure  that  the  heat 
is  uniform  throughout.  It  should  be  removed  from  the  fire  and 
held  in  the  air  where  no  draft  can  strike  it  until  no  trace  of  red 
can  be  seen,  even  if  the  piece  is  held  in  a  dark  place ;  it  should 
then  be  plunged  in  water,  and  allowed  to  remain  until  cold. 
Better  results  may  be  obtained  if  plunged  in  soapy  water  or  oil. 
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Long  pieoM  which  spring  when  annealed  should  not  be 
straightened  when  cold,  if  they  are  to  be  hardened. 

HARDENING. 

Tool  steel  may  be  hardened  by  heating  to  a  low  red  heat  and 
plunging  in  some  cooling  medium,  as  water,  brine  or  oil. 

Heating.  A  piece  of  steel  should  never  be  heated  any 
hotter  than  is  necessary  to  give  the  desired  result.  The  heat 
necessary  varies  with  the  make  of  the  steel,  the  amount  of  carbon 
it  contains,  the  size  and  shape  of  the  piece,  and  the  purpose  for 
which  it  is  to  be  used.  Much  depends  on  heating  uniformly;  a 
piece  of  steel  should  be  given  a  uniform  heat  throughout^  the  edges 
and  comers  should  be  no  hotter  than  the  center,  and  the  interior 
should  be  of  the  same  temperature  as  the  surface.  If  not,  the 
piece  is  likely  to  crack  in  the  cooling  bath,  on  account  of  the 
uneven  changes  which  take  place  in  the  molecular  structure. 
While  it  is  highly  important  that  the  steel  is  heated  no  hotter 
than  is  necessary,  yet  it  is  of  much  more  importance  that  it  be 
heated  uniformly. 

If  the  piece  is  heated  in  an  ordinary  forge,  be  sure  that  the 
air  from  the  blast  does  not  strike  it.  For  a  large  piece  build  a 
large  high  fire ;  have  it  well  heated  through  before  putting  in  the 
steel.  Use  the  blast  only  enough  to  keep  a  lively  fire ;  have  the 
steel  well  buried  in  the  fire  in  order  that  the  air  may  not  strike  it. 

Cooling.  When  the  piece  is  uniformly  heated  it  should  be 
plunged  into  a  suitable  bath  to  give  it  the  proper  hardness.  It 
must  be  worked  rapidly  up  and  down,  or  around  in  the  bath  in 
order  to  get  it  away  from  the  steam  generated  by  the  red  hot  steel 
coming  in  contact  with  the  liquid,  and  also  that  it  may  constantly 
come  in  contact  with  the  cooler  parts  of  the  bath.  If  the  piece  is 
long  and  slender  it  must  be  worked  up  and  down ;  if  it  is  short 
with  teeth  on  the  outer  edge,  as  a  milling  machine  cutter,  it  should 
be  worked  around  rapidly  in  order  that  all  the  teeth  may  be 
cooled  uniformly.  If  it  is  flat  and  has  a  hole  through  it  whose 
inner  walls  must  be  hard,  it  should  be  swung  back  and  forth  in 
order  that  the  bath  may  pass  through  the  aperture  and  at  the 
same  time  strike  both  faces. 

If  the  tool  is  not  to  be  hardened  all  over,  and  it  is  necessary 
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to  heat  it  liigher  than  the  point  wlicre  the  hardening  is  to  stop,  it 
may  be  dipped  in  the  bath  to  a  point  a  trifle  higher  than  we  wish 
it  to  harden,  and  tlien  worked  up  and  down  a  little.  If  this  is  not 
done  there  will  be  a  line  where  the  piece  is  expanded  at  one  side 
and  contracted  on  the  other ;  it  is  likely  to  crack  at  this  line, 
which  is  called  a  "water  line." 

Delicate  articles,  or  those  tools  having  long  projections  or 
teeth,  should  not  be  dipped  in  a  bath  of  very  cold  water  or  brine ; 
for  such  work  a  tepid  bath  gives  better  results. 

Steel  should  always  be  hardened  at  a  heat  that  leaves  the 
grain  fine  when  the  piece  is  broken.  This  can  be  determined  by 
hardening  and  breaking  a  small  piece  from  the  same  bar  from 
which  the  tool  to  be  is  made.  A  coarse  grain  denotes  a  heat  higher 
than  the  steel  should  receive. 

It  will  be  found  necess- 
ary when  heating  some  kinds 
of  steel  to  put  the  articles  in 
an  iron  tube  so  that  air  cannot 
come  in  contact  with  them ; 
this  is  especially  true  when 
hardening  such  tools  as  taps 
Pig.  11.  or  formed  mills  whose  outer 

surfaces  cannot  be  ground, 
because  the  oxygen  in  the  air  acting  on  the  carbon  at  the  surface 
of  the  piece  of  steel  hums  it,  leaving  the  surface  decarbonized. 
Better  results  can  be  obtained  with  any  tool  if  it  is  kept  from 
the  action  of  the  fire  when  heating  for  hardening. 

When  hardening  a  piece  having  a  shoulder  A,  on  the  outside,  as 
shown  in  Fig.  11,  or  inside,  as  shown  in  Fig.  12,  hardening  should 
not  stop  at  the  shoulder,  as  the  unequal  strains  occasioned  by  the 
contraction  of  the  hardened  part  at  the  shoulder  are  likely  to 
cause  it  to  crack  at  that  point.  The  piece  should  not  be  hardened 
as  high  as  the  shoulder,  but  should  it  be  necessary  to  do  so,  it  is 
well  to  harden  a  little  beyond. 

Citric  Acid  Bath.  An  excellent  bath  for  hardening  small 
pieces  may  be  made  by  dissolving  one  pound  of  citric  acid 
crystals  in  one  gallon  of  water.  It  should  be  kept  tightly  closed 
when  not  in  use  or  it  will  evaporate.     Small  tools  heated  to  a  low 
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red  lieat  and  dipped  in  tliis  solution  harden  more  uniformly  than 
when  immereed  in  clear  water. 

Pack  Hardening  gives  excellent  results  with  pieces  thiit 
Ciinnot  be  hiirdenfd  by  the  niethoda  ordinarily  employed  ^vitllout 
risk  of  springing  or  cracking.  The  article  is  packed  in  an  iron 
box  with  some  carbonaceous  niiiterial,  and  subjected  to  the  ai^tion 
of  iieat  to  allow  it  to  aVeorb  enough  carbon  to  harden  in  oil. 
While  this  method  is  not  generally  used,  it  is  very  valuable  when 
hardening  such  pieces  as  milling  machine  cutters,  blanking  dies 
for  punching  presses,  gauges,  and  taps  where  it  is  necessary  that 
the  diameter  and  pitch  are  not  altered.  The  carlxinaceons  mate- 
rial is  charred  leather,  which  should  be  ground  or  pounded  very  firio 
(iLiually  about  oue-h^lf  the  size  of  a  pea),  and  mixed  with  an  equal 
quantity  (volume)  of  wood  charcoal  whose  granules  are  of  about 
tlie  same  size.  These  should 
lie  thoroughly  mixed.  An 
iron  box  somewhat  larger 
each  way  than  tlie  piece  to 
!«  hardened  should  be  select- 
ed. A  layer  of  the  packing 
material  one  inch  deep  should 
be  placed  in  the  Iwttom  of 
the  box  and  the  piece  laid  on  this ;  the  box  should  then  be  filled 
with  the  packing  material  and  tamped  down.  Fill  the  space 
between  the  cover  and  the  box  with  fire  clay,  thus  sealing  it  so 
tliat  the  gases  in  the  box  cannot  escape  and  the  direct  heat  of  the 
fire  cannot  get  into  the  box. 

It  is  much  more  economical  to  pack  a  number  of  pieces  nt 
a  time,  :ts  several  may  be  hardened  at  the  cost  of  one,  and  at  a 
Biiving  in  packing  mateiial.  The  pieces  should  be  wired  with 
onlinury  iron  binding  wire  of  a  sufficient  size  to  sustain  the  weight 
when  the  wire  is  red  Hot,  One  end  of  the  wire  should  project 
over  the  outside  edge  of  the  box,  and  should  be  covered  with  the 
lating  of  fire  clay.  Several  holes  should  be  drilled  near  the  center 
of  the  cover  for  test  wires,  as  when  annealing.  The  wires 
should  extend  to  the  bottom  of  the  box.  The  box  niiiy  now  be 
heated  sufficiently  to  charge  the  pieces  with  carVion.  As  steel 
does  not  commence  to  absorb  carbon  until  it  is  red  hot,  the  time  ts 
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determined  by  means  of  the  test  wires  as  described  under  *^  Anneal- 
ing." For  ordinary  tools  J  inch  diameter  and  under,  run  1  hour  to 
1|  hours  after  it  is  red  hot ;  pieces  from  |  inch  to  1  inch  diameter, 
2  to  2|  hours ;  pieces  from  2  to  3  inches  diameter,  2|^  to  4  hours. 
The  above  must  be  varied  according  to  the  nature  of  the  work. 

After  remaining  in  the  furnace,  the  box  should  be  taken  out, 
the  cover  removed,  and  the  piece  taken  out  by  means  of  the  wire 
attached  to  it.  It  should  then  be  immersed  in  a  bath  of  raw  lin- 
seed oil.  The  piece  should  be  worked  around  in  the  bath  until 
the  red  has  disappeared ;  it  may  be  then  lowered  to  the  bottom  of 
the  bath  and  allowed  to  remain  until  cold. 

When  a  piece  of  steel  one  inch  in  diameter  or  larger  is 
hardened,  it  should  be  reheated  over  the  fire  immediately  on 
taking  out  of  the  bath,  in  order  to  avoid  cracking,  from  the 
strains  caused  by  molecular  changes  which  take  place  after  the 
outside  surface  is  hardened  and  unable  to  yield  to  the  internal 
strains.  Reheating  the  surface  to  a  temperature  of  about  212^ 
will  accomplish  the  desired  result  without  materially  softening  the 
steel. 

TEflPBRlNQ. 

The  hardening  of  a  cutting  tool  makes  it  too  brittle  to  stand 
Vip  well  when  in  use,  and  consequently  it  is  necessary  to  soften 
it  somewhat.  This  is  known  as  "  drawing  the  temper,"  and  is  ac- 
complished by  reheating  to  the  proper  temperature,  which  is 
ordinarily  determined  by  the  color  of  the  surface  of  the  tool, 
which  must  be  brightened  previous  to  this  operation.  As  the 
piece  of  steel  is  heated,  a  light,  delicate  straw  color  will  appear; 
then,  in  order,  a  deep  straw,  light  brown,  darker  brown,  light 
purple,  dark  purple,  dark  blue,  pale  blue,  blue  tinged  with  green, 
black.  When  black,  the  temper  is  gone.  These  colors  furnish  a 
guide  to  the  condition  of  hardened  steel. 

The  following  list  gives  the  color  denoting  the  temj^ers  gen- 
erally used  for  tools : 

Light  straw  For  lathe  and  planer  tools,  scrapers  for  brass,  eto. 

Deep  straw  For  milling  cutters,  reamers,  large  taps,  etc. 

Brown  For  twist  drills,  drifts,  flat  drills  for  brass,  etc. 

Light  purple  For  augurs,  screw  slotting  saws,  etc 

Park  purple  For  saws  for  wood,  cold  cbif«l^  aorewdrivers,  eto. 
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The  following  table  gives  the  degree  of  heat  corresponding  to 
the  different  colors  mentioned  in  the  previous  table. 

Light  straw  430  degrees  F. 

Beep  straw  460  degrees  F. 

Brown  600  degrees  F. 

Light  purple  630  degrees  F. 

Dark  purple  660  degrees  F. 

Dark  blue  670  degrees  F. 

Pale  blue  010  degrees  F. 

Blue  tinged  with  green  630  degrees  F. 

When  work  is  tempered  in  large  quantities  the  above  method 
is  expensive.  Also  it  is  not  as  reliable  as  when  the  articles  are 
heated  in  a  kettle  of  oil,  using  a  thermometer  for  indicating  the 
temperature.  A  piece  of  perforated  sheet  metal  or  wire  cloth 
should  be  used  to  keep  the  articles  two  or  three  inches  from  the 
bottom  of  the  kettle.  A  perforated  sheet  iron  pail  two  inches 
smaller  in  diameter  than  the  kettle,  resting  on  a  piece  of  iron,  or  a 
frame  placed  in  the  bottom  will  keep  the  pieces  from  the  sides 
and  bottom  of  the  kettle. 

The  thermonieter  should  be  placed  in  the  kettle  outside  the 
pail  in  order  that  the  bulb  may  be  at  the  same  depth  as  the  lower 
pieces. 

Case  Hardeninsf.  When  an  article  of  wrought  iron  or 
machinery  steel  is  to  have  a  hard  surface  it  is  treated  while  red 
hot  with  some  material  which  forms  a  coating  or  case  of  steel, 
which  hardens  if  dipped  in  water  while  red  hot.  Small  articles 
such  as  nuts,  screws,  etc.,  may  be  case  hardened  by  heating  red 
hot  and  covering  with  a  thin  layer  of  powdered  cyanide  of  po- 
tassium; when  the  cyanide  of  potassium  melts,  the  article  may 
be  heated  red  hot  again;  it  is  then  plunged  into  water.  Care 
should  be  exercised  when  using  this  substance,  as  it  is  extremely 
poisonous. 

The  above  method  may  be  used  for  hardening  a  few  pieces 
quickly,  but  it  is  not  recommended  for  large  quantities  of  work. 
When  many  pieces  are  to  be  case  hardened  at  a  time,  the  follow- 
ing method  will  be  found  less  expensive  and  much  moi-e  satis- 
factory : 

Granulated  raw  bone  and  granulated  charcoal  should  be 
mixed  in  equal  quantities,  and  a  layer  of  this  mixture  placed  in 
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an  iron  hardening-box  to  the  depth  of  1  or  1^  inches.  A  layer  of 
articles  is  then  placed  on  this ;  the  pieces  should  not  come  within 
^  inch  of  each  other,  nor  within  1  inch  of  the  walls  of  the  box  at 
any  point ;  they  should  be  covered  with  a  layer  of  the  mixture  of 
bone  and  charcoal  to  the  depth  of  ^  inch.  Successive  layers  may 
be  placed  in  the  box  until  it  is  filled  to  within  1  inch  of  the  top, 
when  the  cover  may  be  put  in  place  and  the  edges  luted  with  fire 
clay.  The  test  wires  should  be  used  as  described  for  annealing. 
The  heating  should  be  timed  from  the  time  the  contents  of  the 
box  are  red  hot,  which  can  be  determined  by  the  test  wires.  The 
length  of  time  the  work  is  allowed  to  run  while  red  hot  depends 
upon  the  desired  depth  of  the  hardened  surface ;  generally  carbon 
will  penetrate  wrought  iron  |  inch  in  twenty-four  hours,  but  as  it 
is  rarely  necessary  to  harden  deeper  than  -^^  inch,  the  work  may 
be  kept  red  hot  three  to  four  hours.  With  small  pieces,  the  con- 
tents of  the  hardening-box  may  be  dumped  into  a  tank  of  running 
water;  if  the  pieces  are  large,  it  is  necessary  to  dip  them  one  at  a 
time  in  a  bath,  the  same  as  for  tool  steel.  For  extreme  tough- 
ness, the  pieces,  if  small,  may  be  dumped  into  a  perforated  sheet- 
metal  pan  and  the  packing  material  sifted  outy  after  which  they 
may  be  placed  in  a  bath  of  oil ;  if  not  sifted  out,  the  packing 
material  will  stay  at  the  top  of  the  oil  and  set  fire  to  it.  If  the 
pieces  are  large,  they  may  be  dipped  one  at  a  time. 

SprinsT  Tempering.  A  piece  of  steel  may  be  spring  tempered 
by  first  hardening  and  then  drawing  the  temper  to  a  degree  to 
which  the  piece,  when  bent,  will  return  to  its  normal  shape,  when 
the  pressure  is  removed.  This  may  be  accomplished  by  coverincr 
the  surface  with  tallow  or  some  animal  oil,  and  then  heating  until 
the  oil  catches  fire  from  the  heat  in  the  piece. 

DRILLS. 

The  forms  of  drills  commonly  used  in  the  machine  shop  are 
the  flat  drill,  single-lip  drill  and  twist  drill. 

Flat  Drills,  intended  for  use  in  the  engine  lathe  for  chuck- 
ing,  are  usually  forged  to  shape  in  the  forge  shop.  After  center- 
ing the  end,  which  rests  on  the  tail  center  of  the  lathe,  the  lips 
are  ground  to  shape  and  the  drill  is  ready  for  use.  A  drill  of  this 
description  is  shown  in  Fig.  13. 
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If  it  is  necessary  to  have  the  drill  cut  nearly  exact  to  size,  it 
should  be  forged  somewhat  wider  than  finish  size,  and  the  edges 
turned  in  the  lathe  as  in  Fig.  14.  The  projection  A  must  be  left 
on  the  cutting  end  to  provide  a  center  for  turning.  If  the  drill  is 
to  be  ground  to  size  after  hardening,  the  projection  must  be  left 
on  until  the  grinding  has  been  done,  but,  ordinarily,  this  class  of 
drill  is  not  intended  to  cut  exact  enough  to  require  grinding. 
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Fig.  13. 

If  the  edges  of  the  drill  are  not  to  be  ground  to  size,  they 
should  be  draw-filed  a  small  amount  to  avoid  binding.  The  filing 
should  not  come  within  ^^  inch  of  the  edge,  and  should  be  only  a 
small  amount  (.003  or  .004  inch  will  be  found  sufficient) ;  if 
given  too  much  relief  the  drill  will  jump  and  chatter.  The  shank 
should  be  somewhat  smaller  (^^  to  ^^^  inch)  than  the  cutting  end 


y 


» 


If 


Fig.  14. 

in  order  not  to  touch  the  sides  of  a  hole  drilled  deep  enough  for 
the  shank  to  enter.     The  center  in  the  shank  end  should  be  large 
to  insure  a  good  bearing  on  the  tail  center  of  the  lathe,  as  shown 
at  A,  Fig.  13. 

When  hardening,  the  drill  should  be  heated  a  law  red  to  a 
point  above  the  cutting  end,  preferably  about  one-half  the  length 
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of  the  portion  turned  smaller  than  the  ends.  When  dipped  in  the 
bath  it  should  be  plunged  about  one  inch  above  the  cutting  end. 
To  insure  good  results  it  should  be  worked  up  and  down  and 
around  in  the  bath,  which  may  be  either  water  or  brine.  The 
temper  should  be  drawn  to  a  brown  color. 

When  a  flat  drill  is  intended  for  use  in  a  drill  press,  the 
shank  is  left  round,  in  order  that  it  may  be  held  in  a  chuck  or 
collet. 


fi 

fxf 

V 

Fig.  16. 

Transfer  Drill.  Another  form  of  flat  drill  termed  a  transfer 
drill,  is  very  useful  when  a  small  hole  is  to  be  transferred  from  a 
larger.  The  shank  C,  Fig.  15,  may  be  made  of  any  convenient 
size ;  the  portion  B  is  of  the  size  of  the  larger  hole,  while  A  is  of 
the  size  of  the  hole  to  be  transferred,  and  is  a  short  flat  drill. 

When  making  this  drill,  if  a  lathe  is  iised  having  draw-in 
split  chucks,  the  drill  may  be  made  from  drill  rod,  which  should 
be  enough  larger  than  finish  size  to  allow  B  to  be  turned,  to  insure 
its  running  true  with  A;  the  cutting  part  A  may  be  milled  or 


Fig.  16. 

filed  to  thickness.  The  cutting  lips  are  then  backed  off,  and  the 
drill  hardened.  It  should  be  hardened  high  enough  so  that  A  and 
B  are  hard,  as  the  portion  A  does  the  cutting,  while  B,  being  a 
running  fit  in  a  hole,  is  likely  to  rough  if  it  is  soft. 

To  harden  it  should  be  heated  in  a  tube  and  dipped  in  water 
or  brine,  and  worked  up  and  down,  to  avoid  soft  spots  caused  by 
steam  keeping  the  water  from  the  metal,  as  sometimes  happens 
when  a  piece  has  different  sizes  close  together.  The  cutting  por- 
tion A  should  be  drawn  to  a  deep  straw  color ;  B  should  be  left  as 
hard  as  possible,  to  resist  wear. 
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Straiirhtway*  or  straight  fluted  drills,  have  the  flutes  cut 
parallel  to  a  plane  passing  through  the  axis  of  the  drill,  as  shown  < 
in  Fig.  16.  They  are  used  in  drilling  brass,  and  in  drilling  iron 
and  steel  when  the  holes  break  into  one  another,  as  shown  in 
Fig.  17. 

The  smaller  sizes  may  be  made  of  drill  rod.  After  cutting  to 
length,  the  blank  may  be  put  in  a  chuck  in  the  lathe  and  the  end 
pointed  to  the  proper  cutting  angle.  When  milling  the  flute,  the 
shank  may  be  lield  in  the  chuck  on  the  end  of  the  spiral  head 
spindle.  Tlie  head  should  be  set  at  an  angle  that  makes  the  flute 
deeper  at  the  cutting  end  of  the  drill  than  at  the  shank  end  ;  this 
causes  an  increase  of  thickness  at  the  shank,  thus  making  the  drill 
stronger  than  if  the  flute  were  of  uniform  depth  throughout.    The 
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milling  cutter  should  be  of  a  shape  that  will  make  the  cutting 
face  of  the  drill  a  straight  line  when  the  drill  is  ground  to  the 
proper  cutting  angle.  The  corner  should  be  somewhat  rounded. 
The  general  shape  of  the  cutter  is  shown  in  Fig.  18.      ' 

Single  Lip  Drill.  For  certain  classes  of  work  the  single  lip 
drill  is  very  useful.  Having  but  one  cutting  edge  its  action  is 
similar  to  that  of  a  boring  tool  used  for  inside  turning  in  the 
engine  lathe.  The  body  of  the  drill  being  the  size  of  the  hole 
drilled  insures  its  cutting  a  straight  hole,  even  when  used  in  drill- 
ing work  partly  cut  away,  or  castings  having  blow-holes  or  similar 
imperfections.  It  does  not  cut  as  rapidly  as  the  other  forms,  con- 
sequently is  not  used  where  a  twist  drill  would  do  satisfactory 
work.  Fig.  19  shows  a  form  of  bingle  lip  drill  to  be  used  with  a 
bushing.  The  steel  for  tliis  drill  should  be  somewhat  larger  than 
finish  size,  in  order  that  the  decarbonized  surf^e  may  be  removed ; 
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the  cutting  end  A  and  the  shank  B  should  be  turned  .011  to  .020 
inch  lai^r  than  finish  diameter  to  allow  for  grinding  after  the 
drill  is  hardened.  The  portion  C  should  be  tamed  to  finish  lize 
and  stamped.  In  order  that  the  drill  may  be  ground  to  taze  after 
it  is  hardened  it  mil  he  found  necessary  to  face  the  end  back, 
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Fig.  le. 

leaving  the  projection  containing  the  center  as  shown  at  A  in  Fig. 
20,  The  cutting  end  should  be  milled  to  exactly  one-Iialf  the 
diameter  of  B.  After  milling,  the  face  C  should  be  drdW-fUed 
until  it  is  fl»t  and  smooth.     When  hardening,  tlie  drill  should  be 
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Fig.  M. 

slowly  heated  to  a  low  red,  a  trifle  higher  than  the  portion  that  is 
to  be  cutting  size ;  it  should  be  plunged  in  a  bath  of  warm  water 
or  warm  brine  in  order  to  avoid  as  far  as  possible  any  tendency  to 


Fig.  21, 

apringii^  or  cracking  in  tlie  projection  A.  The  tendency  to  crack 
is  due  to  its  peculiar  shape  and  the  difference  in  its  size  and  that 
of  the  drill.     AilfT  hardeiiiitg  it  may  be  drawn  to  a  straw  color. 

When  grinding  it  is  advisable  to  grind  the  sliank  first,  iu 
order  that  the  grinding  znachine  may  be  adjusted  to  grind  straight; 
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after  grinding  the  shank  and  cutting  end  to  size,  the  projection  A 
may  be  g^und  ofif,  and  the  cutting  end  given  the  required  shape, 
as  shown  in  Fig.  21. 

When  a  single-lip  drill  is  to  be  used  on  iron  and  steel  and  not 
upon  brass,  it  may  be  made  to  cut  more  freely  by  giving  the  cut- 
ting-face rake,  as  shown  in  Fig.  22.     This  may  be  done  by  mill- 


Fig.  22. 

ing  the  portion  A  to  the  proper  dimensions,  which  should  be 
one-half  the  diameter  of  the  blank.  The  end  and  sides  of  the 
drill  may  now  \>e  coated  with  the  blue  vitriol  solution  and  the 
desired  shape  marked  out,  after  which  it  may  be  placed  in  the 
milling   macliine   vise   at   the   proper   angle,    and    the   required 


Fig.  23. 

amount  of  rake  given  by  means  of  small  end  cutters.  After 
giving  the  necessary  end  clearance  as  shown  in  the  two  views  of 
Fig.  22,  the  drill  Ls  ready  for  hardening. 

In  order  to  adjust  a  drill  of  this  kind  to  compensate  for  wear, 
it  may  be  made  as  shown  in  Fig.  23,  in  which  one-quarter  of  the 
circumference  is  cut  away  at  A  and  a  blade  or  cutter  fastened  in 
position;  the  top  face  of  the  cutter  should  be  radial.  To  com- 
pensate for  wear,  pieces  of  paper  or  thin  sheet  metal  may  be 
inserted  under  the  blade. 
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When  cutting  away  the  portion  A,  three  holes  may  be 
drilled,  as  shown  in  Fig.  24.  If  square  corners  are  desired,  care 
should  be  taken  that  the  holes  are  located  so  that  they  will 
machine  out  when  milling  to  the  proper  dimensions.  After  drill- 
ing, the  body  of  the  drill  may  be  placed  in  a  vise  in  the  sliaper, 
and  by  the  use  of  a  cutting-off  tool  (parting  tool)  the  portion 
may  be  removed,  but  as  it  would  be  impossible  to  cut  to  finish 
dimensions  it  will  be  necessary  to  finish  with  small  end  milling 
cutters,  holding  the  tool  in  the  chuck  on  the  spindle  of  the 
spiral  head.  After  machining  one  surface,  the  spindle  may  be  re- 
volved one  quai'ter  turn  and  the  other  surface  machined;  this 
insures  square  comers,  and  two  surfaces  at  right  angles  to  each 
other.  The  surface  on  which  the  cutter  is  to  rest  should  be  cut 
below  the  line  of  center,  so  that  the  top  edge  of  cutter  may  be 
radial ;  that  is,  it  should  be  cut  the  thickness  of  the  cutter  below 
a  line  passing  through  the  center.     See  Fig.  23. 
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The  cutter  should  be  made  of  tool  steel ;  two  holes  should  be 
drilled  for  the  fastening  screws.  After  fastening  the  cutter  in 
position  it  may  be  turned  to  the  proper  diameter  by  rimning  the 
body  of  the  tool  in  the  steady  rest  of  the  lathe.  Care  should  be 
used  not  to  cut  into  the  body  or  holder.  After  turning  to  size 
and  facing  the  end  square,  the  cutter  may  be  removed  from  the 
holder,  and  necessary  clearance  given  the  end  by  filing ;  the  outer 
edge  may  be  draw-filed  in  order  to  smooth  it,  and  a  slight  clear- 
ance given  to  prevent  binding;  this  may  be  done  by  removing  a 
trifle  more  stock  at  the  bottom  than  at  the  top  edge.  To  harden 
it  should  be  heated  to  a  low  red  heat  and  dipf)ed  in  luke-warm 
water ;  the  temper  may  be  drawn  to  a  straw  color. 

Twist  Drills.  In  general  it  is  cheaper  and  more  satisfactory 
to  buy  twist  drills  than  to  attempt  their  manufacture  in  the  ordi- 
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naiy  machine  shop ;  but  at  times  a  special  size  or  length  of  drill 
is  needed,  or,  for  some  cause,  it  is  necessary  to  make  them. 

For  the  smaller  sizes  it  is  best  to  use  commercial  drill  rod. 
For  drills  larger  than  ^  inch  diameter  select  larger  stock  and  turn 
it  to  the  desired  size.  If  true  holes  of  the  size  of  the  drill  are 
required,  it  is  advisable  in  the  case  of  drills  larger  than  ^  inch 
diameter,  to  turn  them  .010  to  .015  inch  larger  than  finish  size, 
and  grind  to  the  required  size  after  hardening.  A  projection  (Fig. 
25)  containing  the  center  should  be  left  on  the  cutting  end  of  the 
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Fig.  25. 

drill  until  after  the  grinding  has  been  accomplished.  After  cut- 
ting the  flutes  and  grinding  the  drill,  the  projection  may  be  ground 
off  and  the  cutting  lips  ground  to  the  proper  shape,  as  shown  in 
Fig.  26. 

When  making  drills  of  the  smaller  sizes  from  drill  rod,  the 
blanks  may  be  cut  and  pointed  to  the  proper  angle  on  the  cutting 
end ;  this  may  be  done  in  the  lathe  holding  the  blank  in  a  chuck. 


Fig.  26. 

The  proper  angle  is  59°  from  one  side  of  the  blank.  When  mill- 
ing the  flutes  of  a  twist  drill  on  a  universal  milling  machine,  the 
shank  of  the  drill,  if  straight,  may  be  held  in  a  cliuck  or  collet  of 
the  right  size,  and  if  very  long  may  be  allowed  to  pass  through  the 
spiral  head. 

The  following  explanation  and  table  are  taken  from  Brown 
&  Sharpe  Co.'s  book,  entitled  *'  Construction  and  Use  of  Milling 
Machines,"  and  are  intended  for  use  with  the  cutters  manufactured 
by  them  when  cutting  the  flutes  in  twist  drills. 
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The  cutter  is  placed  on  the  arbor  directly  over  the  center  of 
the  drill,  and  the  bed  is  set  at  the  angle  of  spiral,  as  given  in  the 
following  table : 
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16*  20' 
19^  20' 
19^25' 

2r 

20' 
21** 

20**  1 0' 
20°  30' 
20** 

20**  1 2' 
19**  30' 
20** 

19"  20' 
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The  depth  of  groove  in  a  twist  drill  diminishes  as  it  ap- 
proaches the  shank,  in  order  to  obtain  increased  strength  at  the 
place  where  the  drill  is  otherwise  generally  broken.  The  variation 
in  depth  depends  on  the  desired  strength  or  the  use  of  the  drill. 
To  obtain  the  necessary  variation  of  depth,  the  spindle  of  the 
spiral  head  is  elevated  somewhat,  depending  on  the  length  of  the 
flute  to  be  cut ;  when  less  than  2  inches  in  length  the  angle  should 
be  \  degree :  5  inches  and  over  in  length,  1  degree.  Usually  this 
will  be  found  satisfactory,  but  for  extremely  long  drills  the  eleva- 
tion must  exceed  these  amounts.  The  outer  end  of  the  drill  must 
be  supported,  as  shown  in  Fig.  27,  and  when  small  should  be 
pressed  down  firmly  until  the  cutter  has  pcissed  over  the  end. 

It  is  somewhat  better  to  use  left-handed  cutters,  so  that  the 
cut  may  begin  at  the  shank  end,  in  order  to  lessen  the  tendency 
of  lifting  the  drill  blank  from  the  rest.  When  large  drills  are 
held  by  the  centers  the  head  should  be  depressed  in  order  to 
decrease  the  depth  of  the  groove  as  it  approaches  the  shank. 
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Another  very  important  operation  on  the  twist  drill  is  that  of 
"backing  off"  the  rear  of  the  lip,  to  give  it  the  neccHsaiy  clear- 
ance. In  Fig.  •la  tbe  bed  ia  turned  to  about  J  degree,  as  for 
eutting  a  right-hiuid  Bpiral,  but  aa  tUe  angle  depends  on  several 
conditions  tt  will  be  necessary  to  determine  what  the  effect  will  be 
under  different  circumstances.  A  study  of  Kig,  28  will  be  suf- 
ficient for  this  by  assuming  the  effect  of  different  angles,  mills, 
ttud  the  pitches  uf  spirals.     The  object  of  placing  the  bed  at  an 
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angle  is  to  cause  the  mill  E  to  cut  into  the  lip  at  C  and  have  « 
just  touch  the  surface  at  C.  The  line  II  Iwiiig  parallel  witli  the 
face  of  the  mill,  the  angular  deviation  of  the  beil  is  clearly  sJiown 
at  A  in  comparison  with  the  side  of  the  drill. 

While  the  drill  has  a  positive  traversing  and  relative  move- 
ment, the  edge  of  the  mill  at  C  must  always  touch  the  lip  a  given 
distance  from  the  front  edge,  tliia  being  the  vanishing  point;  the 
other  Burfivce  forming  the  real  diameter  of  the  drill  ia  beyond  the 
reach  of  the  cutter,  and  is  left  to  guide  and  steady  it  while  in  use. 
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The  point  C  as  shown  in  the  enlarged  view.  Fig.  28,  shows 
where  the  cutting  oommences  and  its  increase  until  it  reached  a 
maximum  depth  at  C,  where  it  may  be  increased  or  diminished 
according  to  the  angle  employed  in  the  operation;  the  line  of 
cutter  action  being  represented  by  1 1. 

Before  backing  off,  the  surface  of  the  smaller  drills  in  partic- 
ular should  be  oxidized  by  heating  until  it  assumes  some  distinct 
color  to  clearly  show  the  action  of  the  mill  on  the  lip  of  the  drill, 
for,  when  8atisfactx)ry,  a  uniform  streak  of  oxidized  surface,  from 
the  front  edge  of  the  lip  back,  is  left  untouched  by  the  mill,  as 
represented  in  the  cut  at  E. 


F\fr.   23. 

If  the  drills  are  to  be  ground  without  being  centered,  pointed 
projections  (60^)  may  be  made  on  the  ends  as  shown  in  Fig.  28 ; 
these  projections  may  be  run  in  female  centers  in  the  grinding 
machine.  If  tapered  back  about  .003  inch  in  6  inches  it  will  be 
found  that  the  clearance  thus  obtained  will  cause  them  to  run 
much  better. 

Hardening  Tunst  Drills.  Twist  drills  are  hardened  by  special 
processes  which,  generally  speaking,  are  not  understood  outside 
the  shop  where  the  drills  are  made.  Very  good  results,  however, 
may  be  obtained  if  the  drills  are  heated  somewhat  and  dipped  into 
a  solution  of  the  following : 


Pulverized  charred  leather 
Fine  Family  Flour 
Fine  Table  Salt 


1  pound 
1>^  pouud8 

2  pounds 
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The  charred  leather  should  be  ground  or  pounded  until  fine 
enough  to  pass  through  a  number  4o  sieve.  The  three  ingredients 
are  thoroughly  mixed  while  in  the  dry  state,  and  water  is  then 
added  tiomlif,  to  prevent  lumps,  nnal  the  mixture  formed  haa  the 
consistency  of  ordinaiy  varnish. 

After  the  drill  has  been  dipped  in  the  nurture  it  should  be 
laid  in  a  warm  place  to  diy;  when  thoroughly  dried  the  drill  may 


Fig.  m 


Fig.  30. 


be  heated  in  a  tube,  or  preferably  in  a  crucible  of  red-hot  lend 
until  it  LI  a  low  red,  when  it  may  be  plunged  in  a  bath  of  luke- 
warm water,  or  brine ;  snuall  drills  may  be  dipped  in  a  hith  of  oil. 
The  drill  must  not  be  put  in  red-bot  lead  until  the  coating  is 
thoroughly  dried,  as  the  moisture  may  cause  minute  particles  of 
lead  to  fly  in  all  directions,  endangering  the  eyes  of  the  operator. 
After  hardening,  the  temper  may  be  drawn  to  a  full  straw  color. 
If  several  drills  are  hardened  at  a  time  the  teini>er  may  be  drawn 
by  placing  them  in  a  kettle  of  oil  over  a  fire  gauging  the  amount 
of  heat  by  a  thermometer,  as  explained  under  heading  of  "  Draw- 
ing Temper." 
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Grinding  Twist  DriUs.  The  catting  edges  must  make  a 
proper  and  uniform  angle  with  the  longitudinal  axis  of  the  drill; 
they  must  be  equal  in  length,  and  the  lips  of  the  drill  sufficiently 
backed  off  for  clearance,  otherwise  they  will  not  cut  easily,  or  they 
will  make  a  hole  larger  than  the  size  of  the  drill. 

Drills  properly  made  have  their  cutting  edges  straight  when 
ground  to  a  proper  angle,  which  is  59  digrees,  as  in  Fig.  29. 
Grinding  to  an  angle  less  than  59  degrees  leaver  the  lip  hooking, 
which  is  likely  to  produce  a  crooked  and  irregular  hole. 

A  very  satisfactory  form  of  angle  gauge  for  this  work  is 
shown  in  Fig.  30 ;  the  graduations  on  the  upper  part  of  gauge 
show  when  the  lips  are  ground  to  an  equal  length,  which  is  essen- 
tial  in  order  that  the  drill  shall  out  the  proper  size.  As  the  oper- 
ator becomes  experienced  he  can  gauge  the  angle  and  length  of 
lips  very  accurately  by  the  eye,  but  until  he  has  the  necessary 
experience  it  is  advisable  to  use  some  form  oi;  gauge. 

REAMERS. 

A  reamer  is  a  tool  that  makes  a  smooth,  accurate  hole ;  how- 
ever, in  many  cases  reamers  are  used  to  enlarge  a  cored  hole,  or  a 
hole  already  drilled,  without  particular  reference  to  the  exact  size 
or  condition  of  the  hole.     Keamei-s  may  be  chissiiied  according  to 


Fig.  31. 

shape  as  follows:  straight  reamers,  taper  reamers,  and  formed 
reamers.  Reamers  are  made  solid,  adjustable,  and  with  inserted 
blades. 

Solid  reamers  (Fig.  31)  are  so  called  because  the  cutting 
teeth  and  head  are  made  from  one  piece ;  they  have  no  means  of 
adjustment  as  to  size.  The  cutting  teeth  of  inserted  blade  ream- 
ei-s  are  made  from  separate  pieces  of  steel,  and  inserted  in  the 
head  as  shown  in  Fig.  32.  The  adjustable  reamer  may  be  made 
with  inserted  teeth,  or  with  cutting  teeth  solid  with  the  head ; 
but  in  either  case  having  some  means  of  adjusting  the  size. 
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STRAIGHT  RBAMBR5. 

Under  this  heading  tlie  following  kinds  of  reamers  are  to  be 
found:  fluted  hand  reamers,  fluted  chucking  reamers,  rose  ream- 
ers, single  lip  reamers,  and  three  and  four  lipped  roughing  reamers. 

The  Fluted  Hand  Reamer  is  made  straight  on  the  cutting 
lips,  with  the  exception  of  a  short  distance  at  the  end  (A  Fig.  33) 
which  is  slightly  tapered  in  order  that  the  reamer  may  enter  the 
hole.  In  making  such  reamers,  use  steel  from  ^^^  inch  to  ^  inch 
above  finish  size.     Turn  a  chip  off  the  outside  surface  to  a  depth 


Fig.  32. 

of  n^  inch  and  anneal,  then  turn  A  and  B  Fig.  33  to  sizes  .010  to 
.015  inch  larger  than  finish  size ;  turn  C  to  finish  size,  mill  the 
end  D  square  for  a  wrench.  The  reamer  is  now  ready  to  have 
the  flutes  cut. 

Number  of  Cuttting  Edges.  Fluted  reamers  designed  to  re- 
move but  a  small  amount  of  stock,  and  intended  to  cut  holes  to 
an  accurate  size  are  rarely  given  less  than  six  flutes. 


B 


!   A 


Fig.  38. 

The  following  table  gives  the  number  of  cutting  edges  that 
give  satisfaction  for  solid  reamers  whose  flutes  are  milled  by  cut- 
tere  made  to  give  the  proper  shape. 

TABLE  OF  CUTTING  EDGES  FOR  REAMERS. 


k"  ^^  f%'  diameter 
I'toU'        • 

I' to  r 

lft'to2i' 
21'to  8' 


6  teeth 

6  to  8    ** 

8    •* 

10    " 

12    " 

14    •• 
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Formerly  it  was  considered  necessary  to  have  an  odd  number 
of  cutting  edges ;  but  an  even  number  if  unevenly  spaced  will  be 
as  satisfactory.  The  chief  objections  to  an  odd  number  are  the 
difficulty  experienced  in  calipering  unless  a  ring  gauge  is  used, 
and  the  great  cost  of  grinding. 

Fig.  34  shows  a  form  of  cutter  that  makes  a  strong  reamer 
tooth  and  allows  the  chips  to  be  removed  very  readily.  These  cut 
the  tooth  ahead  of  the  center,  and  should  be  given  a  negative  rake 
of  about  5^.  In  general,  a  i-eamer  will  cut  more  smoothly  if  the 
tQoth  has  a  slight  negative  rake,  as  it  then  takes  a  scraping  cut. 


Pig.  84. 


Pig.  86. 


With  this  form  of  flute,  the  depth  of  cut  must  be  so  gauged 
that  the  land  will  be  about  ^  the  average  distance  from  one  cut- 
ting edge  to  the  other ;  if  cut  deeper,  the  teeth  will  be  weak  and 
have  a  tendency  to  spring,  if  not  as  deep,  there  will  not  be  room 
for  the  removal  of  the  chips.  The  following  table  shows  the  num- 
ber of  cutter  (shown  in  Fig.  34)  for  any  size  of  i^eamer. 

NUMBERS  OF  CUTTERS  FOR  REAHERS. 


No.  1  Cutter  cuts 

reamers 

from 

I'  to  A' 

diameter. 

No.  2 

i'  to  ft' 

No.  3 

I'  to  f,' 

No.  4 

1'  to  H' 

No.  6 

yto  I' 

No.  6 

lA'toli' 

No.  7 

lA'to24' 

No.  8 

2  J' to    3' 

In  order  that  reamers  may  be  calipered  readily  when  grinding 
—  if  the  teeth  have  been  unevenly  spaced  —  the  teeth  must  be 
diametrically  opposite  each  other ;  the  imevenness  in  spacing  must 
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removed  from  the  hardening  bath  when  it  stops  sinffing^  and 
plunged  into  oil,  and  allowed  to  remain  until  cold.  The  temper 
may  be  drawn  to  a  light  straw  color. 

If  reamers  are  hardened  by  the  ^  Pfu^k  Hardening"  pioce88» 
the  danger  of  springing  is  greatly  reduced. 

Straightening  Reamers.  If  a  reamer  springs  while  hard- 
ening and  tempering,,  it  may  be  straightened  by  the  following 
method :  Place  the  reamer  between  the  centers  of  the  lathe ;  fasten 
a  tool,  or  piece  of  iron  or  steel  having  a  square  end  in  the  tool 


Fig.  37. 

post  (Fig.  36),  placing  the  square  end  against  the  reamer  at  the 
point  of  greatest  curvature.  The  surface  of  the  reamer  should  be 
covered  with  a  thin  coating  of  sperm,  or  lard  oil.  With  a  spirit 
lamp,  a  plumber's  hand  torch,  or  a  Bunsen  burner,  heat  the  reamer 
evenly  until  the  oil  commences  to  smoke ;  pressure  may  now  be 
applied  by  means  of  the  cross-feed  screw,  slowly  forcing  the 
reamer  over  until  it  is  bent  a  trifle  the  other  way.  It  should  be 
cooled  evenly  while  in  this  position.  After  it  is  cool  the  pressure 
may  be  relieved  and  the  reamer  tested  for  truth.  If  it  does  not 
run  true  the  operation  may  be  repeated.  This  method  of  straight- 
ening is  equally  effective  when  applied  to  other  classes  of  work. 

The  straightening  should  be  done  before  drawing  the  temper. 
When  drawing  the  temper  the  heat  should  be  applied  evenly  or 
the  piece  will  spring  from  uneven  heating. 

Hefon*  griniVuiii  a  reamer  be  sure  that  the  centers  of  the 
grinding  machine   are  in  good  shape,  then  clean   the  centers  of 
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the  reamer.  The  reamer  should  first  be  ground  to  run  true.  It 
may  be  ground  to  within  .001  or  .002  inch  of  finish  size ;  large 
reamers  having  the  greater  amount.  In  backing  off  a  reamer  tooth 
for  clearance  use  an  emery  wheel  of  as  large  diameter  as  possible 
without  striking  the  cutting  edge  of  the  next  tooth.  The  correct 
clearance  is  given  by  a  finger  which  can  be  adjusted.  Fig.  37 
shows  an  end  view  of  reamer  being  ground  for  clearance  together 
with  the  finger  and  emery  wheel.  The  emery  wheel  should  run  in 
the  direction  indicated  by  the  arrow,  in  order  that  the  pressure  of 
the  wheel  will  tend  to  force  the  reamer  tooth  down  on  the  finger 
B.  To  give  clearance,  the  finger  is  adjusted  so  that  the  cutting 
edge  is  below  the  line  of  centers  as  shown.  Tlie  lower  the  finger 
the  greater  the  amount  of  clearance.  Unless  a  free  cutting  wheel, 
fi'ee  from  glaze  is  used  the  temper  will  be  drawn,  thus  rendering 
the  reamer  worthless.  To  avoid  softening  the  teeth,  the  stock 
must  be  removed  by  a  succession  of  light  cuts  going  way  around 
the  reamer  each  time  the  adjustment  is  changed. 

A  reamer  will  soon  lose  its  size  if  the  clearance  is  ground  to 
the  edge  of  the  teeth  ;  consequently  it  is  best  to  grind  to  within 
from  .01  to  .015  inch  of  the  edge,  according  to  the  size  of  the 
reamer.  The  reamer  is  then  brought  to  an  edge  and  to  the  desired 
size  by  oilstoning.  To  do  satisfactory  work  the  stone  should  be 
free  cutting.  Select  a  stone  of  medium  grade  for  removing  the 
stock,  and  use  a  *'  fine  "  stone  for  finishing  the  cutting  edge.  An 
oilstone  should  not  be  used  dry;  keep  the  face  free  from  glaze. 
If  there  are  deep  depressions  or  marks  in  the  stone,  face  it  off  on 
a  wet  grinding  machine. 

Fluted  Chucking  Reamers.  The  same  general  instructions 
given  for  making  fluted-hand  reamers,  can  be  applied  to  this  form  ; 
except  that  the  shank  may  be  finished  to  size  before  the  reamer  is 
hardened,  imless  the  shank  is  to  fit  a  collet  or  be  held  in  a  chuck. 

The  regular  jobbing  reamer  used  in  the  lathe  is  shown  in 
Fig.  38 ;  the  form  for  the  chucking  lathe  or  drill  press,  where  the 
shank  is  held  in  a  collet  or  chuck  is  shown  Fig.  39.  When  mak- 
ing this  style  of  reamer,  B  may  be  left  .010  to  .015  inch  above 
size  to  allow  for  grinding.  The  portion  C  may  be  finished  to  size 
and  the  dimension  of  the  cuttir.g  part  of  the  reamer  stamped  on  it 
as  shown ;  if  the  reamer  is  made  for  special  work  and  is  to  be  used 
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oil  no  other,  the  name  of  the  piece,  or  operation  it  is  intended  for 
should  also  be  stamped. 

On  account  of  the  uncertainty  of  a  reamer  cutting  exactly  to 
size  when  used  in  a  lathe,  chucking  reamers  are  frequently  made 
somewhat  under  size.  Standard  hand  reamers  are  used  for  finish- 
ing. The  amount  of  stock  left  for  the  hand  reamer  varies :  some 
tool  makers  consider  .005  inch  the  proper  amount  for  all  reamers 
up  to  3  inches  in  diameter ;  while  others  think  that  for  1  inch  or 
less  diameter  .004  inch  is  right;  and  for  sizes  from  1^  inches  to 
2  inches,  .007  inch  should  be  allowed.     For  reamers  larger  than 


Fig.  80. 

2-inch  diameter  an  allowance  of  .010  inch  should  be  made.  The 
exact  amount  necessary  for  finishing  with  hand  reamers  depends 
on  the  nature  of  the  work  and  the  stock  operated  on.  Fluted 
chucking  reamers  are  made  with  either  straight  or  spiral  flutes. 

When  a  reamer  is  used  in  a  screw  machine  or  turret  lathe,  on 
work  where  accuracy  and  stmightness  of  hole  is  essential,  it  should 
be  held  in  some  form  of  special  holder,  which  allows  it  to  properly 


Fig.  10. 

locate  itself  as  to  alignment.     Such  holders  will  be  described  later 
under  the  heading  *'  Reamer  Holders." 

Rose  Reamers.  This  form  of  reamer  has  its  cutting  edges 
only  on  the  end  as  shown  in  Fig.  40,  the  grooves  being  cut  the 
entire  length  of  body  to  reduce  the  amount  of  frictional-bearing 
surface  and  to  furnish  a  channel  to  conduct  the  lubricant  to  the 
cutting  lips.     In  case  there  are  blow  holes  or  other  imperfections 
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in  the  material  being  operated  on,  this  reamer  will  cut  a  more 
nearly  parallel  hole  than  the  fluted  chucking  reamer. 

Fig.  40  shows  the  ordinary  form  of  rose  chucking  reamer. 
The  shank  B  is  turned  to  flnish  size ;  in  case  it  is  to  fit  a  holder 
it  is  left  slightly  larger  and  turned  or  ground  to  size  after  harden* 
ing.  The  body  A  is  turned  .015  t^  .020  inch  above  finish  size, 
the  flutes  cut,  the  size  stamped  as  shown,  and  the  reamer  hardened 


Fig.  40. 


a  little  above  the  body.     It  is  customary  when  grinding  a  rose 
reamer  to  make  it  a  trifle  smaller  on  the  end  of  body  next  to  the 

shank ;  a  taper  of  inch  in  the  length  of  the  cutting  part 

gives  good  results. 

Small  rose  reamers  can  be  made  of  drill  rod,  which  runs  very 
true  to  size,  if  ordered  by  the  decimal  equivalent  rather  than  by 
the  drill  gauge  number,  or  in  terms  of  common  fractions.     For 


Fig  41. 


instance,  if  drill  rod  is  wanted  of  a  size  corresponding  to  No.  1 
Browne  &  Sharpe  drill  gauge,  the  wire  will  come  much  more 
accurate  if  ordered  .228  inch  diameter  rather  than  by  the  gauge. 
The  wire  may  be  sawed  to  length,  put  in  lathe  chuck,  and 
cornered  for  the  cutting  lips.  When  making  small  reamers  that 
are  not  to  be  ground  to  size  after  hardening,  it  is  advisable  to 
neck  them  down  back  of  the  cutting  edge,  as  shown  in  Fig.  41. 
The  drill  rod  oft^en  swells  or  expands  at  a  point  where  the  harden- 
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ing  ends,  and  by  necking  down  and  hardening  into  the  necking 
this  difficulty  is  overcome. 

Small  rose  reamers  may  be  given  three  cutting  edges.  The 
flutes  may  be  filed  with  a  three-square  or  a  round-edge  file.  If  a 
three-square  file  is  used,  a  groove  of  the  form  shown  in  Fig.  41 
may  be  made.  This  has  a  tendency  to  push  the  chips  ahead 
when  cutting,  while  a  groove  filed  with  a  round-edge  file,  if  it  be 
of  a  spiral  form,  will  draw  the  chips  back  into  the  flute,*  provided 
it  is  a  right-hand  helix,  as  shown  in  Fig.  42. 


Fig.  43. 

Rose  reamers  intended  for  reaming  holes  of  exact  size  must 
be  ground  to  correct  dimensions  after  hardening,  but  small  reamers 
intended  for  reaming  holes  where  exactness  of  size  is  not  essential 
may  be  made  to  size  before  hardening,  and  the  cutting  edges 
backed  off  with  a  file  for  clearance.  If  reamers  are  ground  on 
the  circumference  for  size,  the  lips  or  cutting  edges  should  be 


\ 
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Fig.  43. 

given  clearance  by  grinding.  After  grinding,  the  comers  of  the 
cutting  edges  next  to  the  body  of  the  reamer,  as  shown  at  C,  Fig. 
40,  should  be  rounded  by  oilstoning. 

A  Single  Lip  Reamer  is  very  useful  for  reaming  a  straight 
hole.  When  the  nature  of  the  hole  or  the  condition  of  the  stock 
would  cause  the  ordinary  forms  to  run^  the  single  lip  reamer  will 
cut  a  straight  hole  if  started  right.  Having  but  one  cutting  lip, 
its  action  is  similar  to  a  boring  tool  used  for  intenial  turning  in 
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the  lathe,  and  its  a  large  proportion  of  the  body  of  the  reamer  acts 
as  a  guide,  it  must  cut  a  straight  hole.  Fig.  43  shows  two  views 
of  this  form  of  reamer. 

Steel  for  this  reamer  should  be  sufficiently  large  to  allow 
the  decarbonized  surface  to  be  entirely  removed.  After  a  rough- 
ing chip  has  been  taken, —  leaving  the  piece  about  -^^  inch  above 
finish  size, —  the  stock  should  be  annealed,  after  which  the  por- 
tions A  and  B  should  be  turned  to  a  size  that  allows  for  grinding. 
C  may  be  finished  to  dimensions  given,  and  the  size  of  the  reamer 
stamped  as  shown. 


Fig.  44. 


The  reamer  is  now  ready  for  milling.  This  should  be  done 
with  the  reamer  hi  the  centers  in  the  milling  machine,  using  a 
shank  mill  or  a  small  milling  cutter  on  an  arbor.  The  depth  of 
the  cut  should  be  about  one-third  the  diameter  of  the  reamer;  for 
large  reamers  it  may  be  somewhat  deeper.  After  milling,  the 
face  may  be  smoothed  with  a  fine  file,  and  the  end  and  cutting 
lip  backed  off  for  clearance,  as  shown  in  Fig.  43  at  D  and  E. 

When  hardening,  the  end  A  should  be  heated  to  a  low  red 
and  dipped  in  the  bath  about  one-half  an  inch  on  the  necked  por- 
tion C  The  temper  may  be  drawn  to  a  light  straw.  A  and  B 
are  now  ready  for  grinding.  If  the  grinder  has  no  provision  for 
water  to  run  on  the  work,  care  should  be  used  not  to  heat  the 
reamer,  as  it  is  likely  to  spring. 

Three  and  Four  Lipped  Roughing  Reamers  are  used  to 
advantage  in  chucking  machines  for  enlarging  cored  holes,  or 
holes  that  have  been  drilled  smaller  than  the  required  size.  This 
is  often  done  in  making  large  holes  in  solid  stock,  as  most  manu- 
facturers consider  it  more  economical  to  use  a  smaller  drill  and  a 
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roughing  reamer  in  order  to  bring  them  to  proper  size  for  the  final 
reamer.     P^ig.  44  shows  a  reamer  of  this  description. 

The  instructions  already  given  for  making  the  various  ream- 
ers may  be  followed  for  this  form,  with  the  exception  of  cutting 
the  grooves,  which  should  be  of  a  sufficient  size  to  hold  the  chips. 
The  small  groove  cut  in  the  center  of  the  lands  is  to  feed  oil  to 
the  cutting  edges  when  cutting  steel.  When  cast  iron  is  the 
material  to  be  operated  on,  the  grooves  are  cut  straight  and  the 
oil  groove  omitted.     If  a  finish  reamer  is  to  be  used  in  sizing  the 


Fiflr.  45. 

holes,  it  IS  customary  to  make  the  roughing  reamer  ^  inch 
smaller  than  finish  size.  On  account  of  the  rough  usage,  great 
care  should  be  exercised  in  hardening.  While  satisfactory  results 
may  be  obtained  by  heating  to  a  low  red,  plunging  in  a  bath  of 
brine,  and  drawing  the  temper  to  a  light  straw,  the  tools  will  do 
a  great  deal  more  if  they  are  pack  hardened  by  the  process 
already  described. 

Inserted   Blade  Reamers.      The    particular 
advantage  of  solid  reamers  with  inserted  teeth  is 
that  when  worn,  new  blades  may  be  put  in  at  a 
cost  much  less  than  that  of  a  new  solid  reamer. 
Inserted  blade  reamers  are  usually  made  in  such 
a  manner  that  the  size  may  be  altered  ;  in  sucli 
cases  they  are  termed  expanding  reamers.     A  sim- 
ple form  is  shown  in  Fig.  45.     The  slots  for  the 
blades  are  milled  somewhat  deeper  at  the  front  end  than  at  the 
end  toward  the  shank ;  they  are  also  somewhat  wider  at  the  bottom 
than  at  the  top.    The  first  is  accomplished  by  depressing  tlie  spiral 
head  a  trifle,  while  the  latter  is  done  by  fii-st  milling  the  slots  with 
a  cutter  a  little  narrower  than  the  top  of  the  slot  wanted,  then 
turning  the  spiral  head  enough  to  produce  the  desired  angle  on 
one  side  of  slot  as  shown  at  A  in  Fig.  46.     The  object  in  making 
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the  slot  deeper  at  the  front  end  is  that  the  blades,  as  they  become 
dulled  (and  consequently  cut  small),  may  be  driven  farther  into 
the  body.  As  the  slot  is  shallower,  the  blade  is  forced  out  as  it 
advances,  thus  increasing  its  diameter ;  it  may  then  be  sharpened 
Ly  grinding  to  size.  The  side  of  the  slot  is  cut  at  an  angle  to 
lold  the  blade  solidly  and  prevent  any  tendency  it  might  have 
to  draw  away  from  its  seating  when  the  reamer  is  cutting.  The 
body  of  the  reamer  is  not  hardened ;  the  blades  are  machined 
to  size,  luirdened,  driven  into  place  and  ground  to  size.     If  the 
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Fig.  47. 


reamer  is  of  the  form  known  as  fluted  reamer^  the  teeth  may  be 
backed  off  for  clearance  as  already  described. 

Adjustable  Reamers  are  made  of  a  form  that  allows  them  to 
be  adjusted  to  a  varying  size  of  parts  of  machines  where  inter- 
changeability  is  not  essential.  Fig.  47  shows  the  cheapest  form  of 
adjustable  reamer ;  this  form  is  sometimes  objected  to  because  it 
does  not  expand  or  contract  uniformly  its  entire  length ;  for  ordi- 
nary work,  however,  it  is  very  satisfactory,  if  used  for  a  limited 
range  of  sizes. 

Stock  should  be  selected  at  least  ^^  inch  larger  than  finish 
size.  After  carefully  centering  and  squaring  the  ends,  a  chip 
should  be  turned  the  entire  length  of  the  piece.  It  should  then 
be  drilled,  and  the  taper  hole  reamed  for  the  expansion  plug. 
When  drilling  the  outer  end,  the  blank  should  run  in  the  steady 
rest ;  the  hole  in  the  nhank  end  should  be  drilled  to  the  proper 
depth  with  a  drill  -^^  inch  larger  than  the  straight  stem  of  the 
expansion  plug.     The  end  should  be  chamfered  to  a  60°  angle  to 
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run  on  the  lathe  center  when  turning  and  grinding.  The  piece 
may  he  reversed  and  the  opposite  end  drilled  and  reamed  with  a 
taper  reamer ;  this  end  should  be  chamfered  also  to  a  60^  angle. 
Fig.  48  shows  a  sectional  view  of  the  blank  drilled  and  reamed, 
and  the  ends  of  the  hole  beveled. 

The  reamer  may  now  be  turned  .020  to  .025  inch  above 
finish  sizes  on  A  and  B,  while  C  and  D  may  be  turned  to  finish 
sizes,  and  the  size  stamped  at  C.  The  end  E  may  be  milled 
square  for  a  wrench,  the  grooves  milled  and  the  reamer  split,  in 
order  that  the  size  may  be   altered  with   the   expansion    plug. 


Fig.  4S. 

When  splitting  the  reamer,  a  metal  slitting  saw  of  the  required 
thickness  (usually  -^^  inch)  should  be  used.  The  saw  cut  should 
not  extend  to  the  end  of  the  reamer,  but  a  small  portion  should 
be  left  solid  to  prevent  the  reamer  from  springing  when  harden- 
ing. The  circular  saw  leaves  a  cut  at  the  end  of  the  shape  shown 
in  Fig.  49,  which  would  be  extremely  difficult  to  part  after  hard- 
ening.    In  order  that  the 


-  •  J 


Fig.  49. 


Fig.  50. 


til  in  partition  of  stock  may 

be  easily  severed  with  an 

emery  wheel,  the  slot  may 

be    finished,  as   shown    in 

Fig.  50,  with  a  hand  hack 

saw. 

The  expansion  rod  I,  Fig.  47,  should  be  turned  to  fit  the 

taper  in  the  reamer,  the  straight  end  should  be  ^  inch  smaller 

than  the  hole  running  through  the  reamer,  and  should  be  threaded 

on  the  end  for  a  nut  to  be  used  in  drawing  the  rod  into  the 

reamer.     The  collar  shown  at  F  and  H  should  have  a  taper  hole 

ttod  to  the  tapered  end  of  the  reamer.     The  outside  diameter  of 

Alar  should  be  a  trifle  smaller  than  the  hole  to  be  reamed ;  this 
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collar,  when  forced  onto  the  end  of  the  reamer,  holds  it  in  place. 
In  order  to  increase  the  size  of  the  reamer,  the  collar  may  be 
driven  back  a  trifle  and  the  rod  drawn  in  by  means  of  the  nut. 

After  the  reamer  is  hardened  and  tempered,  the  thin  parti- 
tions left  at  the  ends  of  the  slots  may  be  ground  away  with  a 
beveled  emery  wheel,  the  rod  inserted,  the  collar  forced  on  the 
end,  the  reamer  ground  to  size,  and  the  teeth  backed  off  for 
clearance. 

TAPER  REAMERS. 

If  a  taper  reamer  is  intended  for  finishing  a  hole,  the  same 
general  instructions  may  be  followed  as  for  fluted  hand  reamers, 
except  that  instead  of  being  straight,  the  body,  or  cutting  part,  is 
tapered. 


Fig.  61. 

Roughing  taper  reamers  are  frequently  made  in  the  form  of  a 
stepped  reamer,  or  it  might  be  called  a  multiple  counterbore, 
since  each  step  acts  as  a  pilot  for  the  next  laiger  step,  as  'shown 
in  Fig.  51.  The  steps  A  are  turned  straight,  each  one  corre- 
spondingly larger  than  the  preceding.  The  cutting  is  done  at  the 
end  of  the  step  B,  which  must  be  given  clearance ;  this  is  ordinar- 
ily done  with  a  file.  The  reamer  may  be  given  four  cutting 
edges ;  these  should  be  cut  with  a  milling  cutter  intended  for 
milling  the  flutes  of  reamers.  The  number  of  the  cutter  selected 
will  depend  on  the  form  and  amount  of  taper  of  the  reamers.  It 
is  advisable  to  neck  down  into  the  reamer  -^^  inch  at  the  end  of 
each  step ;  this  may  be  done  with  a  round  nose  tool,  or  a  cutting- 
off  tool  having  its  corners  slightly  rounded.  The  necking  facili- 
tates the  filing  of  the  cutting  edges,  and  also  allows  the  emer}' 
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wheel  to  traverae  the  entire  length  of  each  step  when  grinding  to 
size  after  hardening. 

Roughing  reamers  are  sometimes  made  of  the  form  shown  in 
Fig.  52.  The  left-hand  thread  cut  the  entire  length  of  the  cut- 
ting portion  breaks  the  chips  into  short  lengths,  and  greatly 
increases  the  cutting  qualities.  After  tuniing  the  tapered  part  to 
a  size  that  allows  for  grinding,  the  lathe  may  be  geared  to  cut  a 
four-pitch  thread.  The  threading  tool  should  be  about  J^  inch 
thick  at  the  cutting  i)oint,  and  have  suflBcient  clearance  to  prevent 
the  heel  dragging  when  the  tool  is  cutting.  The  corners  should 
be  slightly  rounded  in  order  to  reduce  the  tendency  of  cracking 
when  the  reamer  is  hardened.     The  thread  should  be  cut  to  a 


Fig.  62. 

depth  of  from  ^^  to  ^V  inch.  After  threading,  the  flutes  may  be 
cut,  the  reamer  hardened,  and  the  temper  drawn  to  a  light  straw. 

When  grinding  a  taper  reamer  the  proper  clearance  is  given 
to  the  tooth  back  for  a  distance  of  ^^  inch  from  the  cutting  edge, 
the  balance  of  the  tooth  is  given  a  greater  amount  of  clearance,  as 
shown  in  Fig.  53. 

Shell  Reamers.  As  a  matter  of  economy,  the  larger  sizes  of 
reamers  are  sometimes  made  in  the  form  of  shell  reamers,  as 
shown  in  Figs.  54  and  55.  As  several  reamers  may  be  used  on 
the  same  arbor,  there  is  quite  a  saving  in  cost  of  material. 

The  following  table  gives  the  size  and  length  of  shell  ream- 
ers from  one  inch  to  three  inch  diameter,  together  with  the  size 
of  holes,  and  width  and  depth  of  tongue  slot. 

Tongue  Slot. 

Diameter.  Length.    Size  of  Hole. 

1'     toir  2}''  J* 

i.vtoir  3'  r 


Width. 

Depth. 

r 

J' 

ft' 

ft' 

1' 

A' 

i' 

f 
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After  drilling  a  hole  -^^  inch  smaller  thun  flnish  size,  the 
blank  should  be  placed  on  a  mandrel  and  a  heavy  chip  taken  to 
iremove  all  the  original  surface.     It  should  then  be  annealed. 

After  annealing  it  may  be  placed  in  a  chuck  on  the  lathe  and 
tlie  hole  bored  .005  inch  smaller  than  finish  size.  After  putting 
on  a  mandrel,  the  ends  should  be  faced  to  length  and  the  outside 
diameter  turned,  leaving  .010  to  .015  inch  on  the  cutting  part  for 
grinding.  The  balance  of  reamer  should  be  turned  to  size.  If 
it;  is  to  be  a  rose  reamer  the  edge  should  be  chamf erred  the  proper 
£L  mount. 

The  reamer  should  be  held  in  a  chuck  on  the  spiral  head 
spindle  in  the  milling  machine,  and  the  tongue  slot  cut.     In  order 


Fig.  53.  Fig.  64.  Fig.  55. 


get  the  slot  central  with  the  outside  of  the  reamer,  a  cutter  some- 
"^vhat  narrower  than  the  desired  slot  should  be  used,  which  should 
t>e  set  as  centrally  as  possible  by  measurement,  a  cut  taken,  the 
spiral  head  turned  one-half  wiiy  round  and  another  cut  taken; 
tlie  width  of  the  slot  should  be  measured,  and  the  saddle  of  tlie 
^Hachine  moved  by  means  of  the  graduated  adjusting  screw  one- 
hkalt  the  amount  necessary  to  make  the  slot  of  the  right  width. 
The  reamer  may  now  be  placed  on  a  mandrel  between  centers  on 
t,he  milling  machine,  and  the  grooves  cut. 

The  reamer  should  be  heated  for  hardening  in  some  receptacle 

in  order  that  the  fire  may  not  come  in  direct  contact  with  it ;  when 

it  reaches  a  low  uniform  red  heat  it  may  be  placed  on  a  wire  bent 

in  the  form  of  a  hook,  and  plunged   in   the  bath  ;  it  should  be 

worked  up  and  down  rapidly  until  all  trace  of  red  has  disappeared. 

When  cold  it  may  be  heated  to  prevent  cracking  from  internal 

strains ;  if  it  is  to  be  a  rose  reamer  it  may  be  left  dead  hard,  if  a 

fluted  reamer  the  temper  should  be  drawn  to  a  straw  color.     The 

hole  should  be  ground  to  fit  the  shank  on  which  it  is  to  be  used, 
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or  a  plug  gauge^  if  there  is  one  for  the  purpose.  The  reamer  maj 
tlien  be  placed  on  a  mandrel  and  ground  according  to  directionf 
given  for  grinding  reamers. 

The  holes  in  sfiell  reamers  are  sometimes  made  tapering  —  th( 
end  of  the  arbor  being  made  of  a  corresponding  taper  —  to  avoic 
the  necessity  of  grinding  the  holes,  as  any  slight  change  in  th( 
size  resulting  from  hardening  would  be  compensated  for  by  the 
taper  hole. 

Arbors  for  Shell  Reamers  are  made  as  shown  in  Fig.  56 
The  shank  B  and  end  A  to  receive  the  reamer,  are  made  in  one 
piece.  The  collar  C  having  two  tongues  to  engage  in  the  slots  in 
the  reamer,  is  made  of  tool  steel ;  the  hole  is  made  of  a  size  thai 
allows  it  to  slide  over  A.  When  in  position  a  hole  is  drilled 
through  both  collar  and  arbor  and  the  pin  D  driven  in.  When 
making  the  collar  the  hole  is  drilled  and  reamed  ;  it  is  placed  on 
a  mandrel,  the  ends  faced  to  length,  and  the  collar  turned  to  propei 


Fig.  56. 

diameter.  It  is  then  removed  from  the  mandrel  and  the  tongues 
milled.  While  doing  this  the  collar  is  held  in  the  chuck  on  the 
spindle  of  the  spiral  head  and  a  side  milling  cutter  is  used.  One 
side  is  milled,  the  spiral  head  spindle  turned  one-half  revolution, 
and  the  opposite  side  milled ;  the  thickness  is  measured  and  the 
saddle  moved  enough  to  bring  the  tongues  to  the  required  thick- 
ness wlien  the  finish  cut  is  taken  on  each  side.  After  putting  on 
an  arbor  and  drilling  the  pin  liole,  the  collar  may  be  removed  and 
spring  tempered.  It  may  now  be  i)laced  on  the  arbor  and  the  pin 
driven  in  place. 

Wlien  the  hollow  mill  is  made  with  a  taper  hole,  the  arboi 
is  made  with  the  end  A  of  a  corresponding  taper.  Otherwise  the 
construction  would  Ije  the  same  as  for  hollow  mills  having  straighl 
holes. 

Formed  Reamers  are  used  for  lioles  of  an  irregular  shape,  oi 
ratlier  of  a  shape  neither  straight  nor  tapering.     They  are  used 
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tjhiefly  by  gun  makers  in  reaming  the  end  of  the  gun  barrel  for 
the  shell,  ^nd  are  termed,  when  used  for  this  class  of  work, 
chambering  reamers. 

It  is  essential  when  making  this  class  of  reamer,  that  the 
stock  be  rough  turned  a  little  above  finish  size  and  then  annealed. 
Reamers  of  this  form  are  accui-ate  as  to  size  and  shape,  conse- 
quently it  is  customary  to  use  a  gauge.  This  is  generally  a  piece 
of  steel  having  a  hole  of  the  proper  form  reamed  in  it,  after  which 
the  stock  is  cut  away  on  one  side,  leaving  a  trifle  more  than  one- 
Jialf  of  the  hole  as  shown  in  Fig.  57. 

To  make  the  reamer  blank  fit  the  gauge  the  operator  must 
understand  the  use  of  hand  turning  tools,  as  most  shapes  must  be 
made  ^vith  these  tools.  The  teeth  must  be  cut  witli  a  milling 
cutter  of  small   diameter  following  the  different  shapes  of  the 


Fig.  67. 

reamer  in  order  to  have  the  top  of  the  land  of  as  uniform  a  width  as 
possible.  After  cutting,  the  teeth  may  Ije  backed  off  for  cleaiance 
with  a  file,  taking  care  not  to  remove  any  stock  at  the  cutting 
edge. 

When  hardening,  heat  very  carefully  in  a  tube  until  the 
reamer  is  of  a  law  uniform  red  heat ;  it  should  then  be  plunged  in 
a  bath  of  lukewarm  brine.  It  may  be  brightened  and  the  temper 
drawn  to  a  light  straw.  After  hardening  it  sliould  be  iried  in  the 
gauge,  and  any  high  spots  removed  by  oilstoning. 

If  a  large  number  of  reamers  of  one  form  are  to  be  made,  the 
grinding  machine  may  be  rigged  with  a  form  whicli  makes  it 
possible  to  grind  many  of  the  shapes  in  common  use,  but  some 
shapes  will  be  found  quite  impracticable  to  grind,  consequently 
the  above  method  of  fitting  befoi*e  hardening  must  be  adopted. 
Excellent  results  are  obtained  by  hardening  by  the  "  Pack  Harden- 
ing "process. 
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Reamer  Holders.  On  account  of  the  uncertainty  of  exact 
alignment  of  every  part  of  a  ticrew  machine  or  turnet  Intbe,  it  is 
desirable  to  use  a  Iiolder  for  the  reamer  that  allows  it  to  properly 
align  itself.  The  form  of  holder  shown  in  Fig.  58  is  in  common 
use  and  gives  excellent  results.  It  consists  of  the  body  A  which 
has  a  hole  drilled  and  reamed  its  entire  length ;  the  hole  must  be 
somewhat  larger  than  the  shank  of  the  reamer,  -A  inch  being  con- 
sidered sufficient.  The  center  B  of  tool  steel  should  be  (after 
I  hardening)  .010  to  .015  inch  hiiger  than  the  hole  in  the  holder; 
the  point  should  l>e  ground  to  a  60°  angle,  and  tlie  straight  part 
ground  to  a  forcing  fit  in  the  liolder.  After  being  forced  to  posi- 
tion a  hole  may  be  drilled  tlirough  the  holder  and  center,  aud  the 
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Fig.  68. 

pin  C  driven  In  to  keep  the  center  from  being  pressed  back  by 
the  reamer  when  in  operation.  A  pin  should  be  put  thi-ough  the 
holder  at  D;  a  hole  -j'g  inch  laiger  than  the  pin  should  be  put 
through  the  reamer  shank  at  this  point.  This  pin  is  simply  to 
prevent  the  reamer  from  turning  when  it  comes  in  contact  with 
the  work.  The  coil  springs  E  E  hold  the  reamer  in  position  to 
enter  the  hole,  and  the  pioper  tension  is  given  by  means  of  the 
screws  F  F. 

ARBORS. 
riandreU.  The  ordinary  taper  arbor,  known  as  the  mandrel, 
is  in  common  use  in  most  machine  shops.  Up  to  and  including 
1^  inches  diameter,  mandrels  are  made  of  tool  steel,  hardened  all 
over  and  ground  to  size.  Some  tool  makers  advocate  making  all 
mandrels  up  to  4  inches  diameter  in  this  way  ;  others  prefer  harden* 
ing  the  en<ls  II  B  (Fig.  50),  leaving  the  center  A  soft,  while  others 
maintain  that  for  niandivls  above  1^  inches  diameter,  machinery 
Bteel  is  most  satisfactory  if  thoroughly  case  hardened. 
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Wlieii  making  mandrels  of  tool  steel  that  are  to  be  hardened 
the  entire  length,  it  is  not  necessary  to  use  the  best  quality  of 
steel,  as  &  lower  grade  may  be  used  if  it  will  harden  well.  Select 
stock  somewhat  larger  than  finish  diameter,  say  -^  inch  for  sizes 
up  to  i  inch ;  J  inch  for  sizes  up  to  1  inch ;  -^  inch  for  sizes  up 
to  1^  inches,  and  ^  inch  for  sizes  abova     Take  a  cliip  off  the  out- 


side sufBciently  heavy  to  remove  all  scale,  yet  leaving  ^  inch  for 
a  finish  cut  on  sizes  up  to  ^  incli  and  correspondingly  more  for  the 
larger  sizes.  It  should  now  be  annealed,  preferably  in  the  anneal- 
ing box.  The  ends  should  be  countersunk  deeper  in  mandrels 
than  in  tools  where  the  centers  are  not  used  after  they  are  com- 
pleted, in  order  that  the  centers  may  not  be  mutilated  when  driven 


in  or  out  of  the  work.  The  centers  should  either  have  an  extra 
countereink,  as  at  A  in  Fig.  60,  or  else  the  cut  should  be  recessed 
afi  at  B  in  Pig.  61. 

The  ends  B  B,  Fig.  59,  should  be  turned  to  size,  the  corners 
slightly  rounded,  and  the  flat  spots  for  the  dog  screw  milled  or 
planed.  The  body  of  the  mandrel  should  be  turned  somewhat 
larger  than  finish  size  ;  those  smaller  than  ^  inch  should  have  an 
allowance  of  .015  inch;  from  ^  to  1  inch  an  allowance  of  .020  to 
.025  inch ;  over  1  inch  an  allowance  of  .025   to  ,030.     As  tho 
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length  of  mandrels  larger  than  2  inches  diameter  doee  not  increase 
in  proportion  with  the  diameter,  the  amount  given  will  generally 
be  sufficient  if  proper  care  is  used  when  hardening.  The  aise 
should  be  stamped  on  the  end  next  to  the  large  end  of  body. 

Before  hardening,  the  centers  should  be  re-coonteisunk  to 
true  them  ;  for  this  operation  it  is  best  to  use  a  special  counter- 
sink having  an  angle  of  59^  instead  of  the  regular  60^  tool,  as  it 
facilitates  the  lapping  of  the  centers  to  a  60^  angle  after  harden- 
ing, due  to  the  unequal  amount  of  grinding  caused  by  the  shape 
of  the  countersinking. 

If  a  blacksmith's  forge  must  be  used  when  heating  the  man- 
drel for  hardening,  the  fire  should  be  large  enough  to  heat  the 
piece  evenly ;  it  is  advisable  to  heat  it  in  a  tube.  More  uniform 
results  can  be  obtained  from  a  muffler  furnace  than  in  the  open 
fire.     In  either  case  the  piece  should  be   turned  frequently,  to 
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insure  an  even  heat.  To  dip  in  the  bath,  a  pair  of  tongs  of  the 
shape  shown  in  Fig.  62  should  be  used,  so  that  the  bath  may  come 
in  contact  with  both  centers.  The  tongs  should  grapple  the 
mandrel  at  the  large  end,  in  order  that  the  small  end  may  be 
harder ;  it  should  be  worked  up  and  down  rapidly  in  the  bath  to 
insure  uniform  i-esults.  A  bath  of  brine  will  be  found  very  satis- 
factory for  this  work. 

A  miindrel  larger  than  1  inch  diameter  should  be  removed 
from  the  bath  as  soon  as  it  ceases  singing^  and  held  in  a  tank  of 
oil  until  cold.  The  ends  should  be  brightened  and  drawn  to  a 
deep  straw  color,  in  order  to  toughen  them  so  that  they  will  not 
break  or  chip  oflf  when  driven.  Mandrels  smaller  than  i  inch 
should  have  the  temper  drawn  to  a  light  straw  color  the  entire 
length  of  body. 

After  hardening,  the  body  of  the  mandrel  should  be  cleaned 
with  a  coarse  emery  cloth,  to  remove  the  scale  or  grease  which 
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would  glaze  the  emery  wheel.  It  should  then  be  tested  between 
centers  to  see  if  it  has  sprung  more  than  will  grind  out  before  it 
reaches  the  proper  size. 

The  centers  should  now  be  lapped,  to  insure  proper  shape  and 
alignment.  The  lap  may  be  a  piece  of  copper  of  the  proper  shape 
(60®)  charged  with  diamond  dust  or  emery.  After  lapping,  the 
centers  should  be  thoroughly  cleaned  with  benzine.  (When  using 
benzine  da  not  allow  it  to  get  near  a  flame  of  any  kind.) 

Examine  very  carefully  the  condition  of  the  centers  of  the 
grinder,  as  the  truth  of  the  mandrel  depends  in  a  great  measure 
on  their  condition.  A  mandrel  may  be  ground  in  a  lathe  having 
a  grinding  attachment  or  in  any  universal  grinder.  Better  results 
can  be  obtained,  however,  if  ground  in  some  form  of  grinder  hav- 
ing a  stream  of  water  to  keep  the  work  from  heating,  as  heat  is 
likely  to  spring  the  piece,  especially  if  it  does  not  run  true,  thus 
making  the  grinding  heavier  on  one  side  than  the  other.  If  a 
dry  grinder  must  be  used,  do  not  force  the  grinding  fast  enough  to 
heat  the  piece.  The  mandrel  should  be  ground  to  within  about 
.005  inch  of  size  with  a  coarse  wheel  free  from  glaze,  and  then 
finished  with  a  fine  wheel. 

The  amount  of  taper  varies :  some  manufacturers  prefer  .0005 
inch  taper  per  inch,  while  others  make  them  of  .001  inch  taper  for 
every  inch  of  length,  claiming  that  if  a  piece  having  a  long  hole 
is  to  be  held  on  any  taper  mandrel  it  will  not  fit  at  the  end  nearest 
the  small  end  of  mandrel,  consequently  the  turned  surface  will 
not  be  true  with  the  hole  ;  also  that  for  such  work  a  mandrel 
should  be  made  for  the  job  having  a  body  nearly  or  quite  straight. 
They  claim  that  the  mandrel  should  be  made  to  taper  .001  inch 
for  every  inch  of  length,  in  order  that  it  may  be  adapted  to  a 
greater  range  of  work. 

Mandrels  with  Hardened  Ends.  When  making  a  mandrel 
whose  ends  are  to  be  hard  and  body  soft,  follow  the  instructions 
given  for  hardened  mandrels,  except  that  a  larger  amount  of  stock 
should  be  left  on  the  body.  The  ends  should  be  hardened  for  a 
distance  that  insures  the  centers  being  hard ;  this  can  be  accom- 
plished by  heating  one  end  at  a  time  to  a  red  heat,  and  inverting 
under  a  faucet  of  running  water.  As  the  center  is  uppermost, 
the  water  can  readily  enter  it,  forcing  the  steam   away.     After 
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drawing  the  temper  of  the  ends  and  lapping  tlie  centers,  the  body 
may  be  turned  to  size.  The  centers  of  the  lathe  should  be  caie- 
fully  trued  before  starting  this  operation.  If  the  body  of  the 
mandrel  is  left  .008  inch  to  .010  inch  larger  after  turning,  and 
then  ground  to  size,  the  results  will  be  surer;  but  with  extrerm 
care  a  very  satisfactory  job  may  be  done  by  the  method  described 
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Table  of  Dimensions  of  Mandrels  to  1  inch. 
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Machinery  Steel  Mandrels.  With  the  exception  of  harden- 
ing, the  instructions  given  for  making  mandrels  of  tool  steel 
apply  to  those  made  of  machinery  steel.  It  is  necessary  to  case 
harden  mandrels  made  of  macliinery  steel,  using  the  method 
already  descril^ed.  The  work  should  be  run  in  the  fire  from 
seven  to  ten  houi-s  after  the  box  is  red  hot  througliout ;  dip  in  a 
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a  bath  having  a  jet  of  water  coming  up  from  the  bottom  to  force 
the  steam  away  from  the  work,  to  avoid  soft  spots.  It  is  not 
necessary  to  draw  the  temper,  as  the  hardening  does  not  extend 
far  below  the  surface. 

Expanding:  ilandrels.  There  are  several  forms  of  expand- 
ing mandrels  in  common  use.  One  form  has  a  sleeve  with  a 
taper  hole  fitting  on  a  mandiel  that  has  a  corresponding  taper; 
the  sleeve  is  split  to  allow  it  to  expand  as  it  is  forced  on  the 
mandrel. 

It  is  not  advisable  to  give 
the  mandrel  very  much  taper, 
because  a  heavy  cut  with  the 
pressure  toward  the  small  end 
would  crowd  the  sleeve  to- 
ward that  end,  thereby  re- 
leasing the  work.  Ordinarily 
a  taper  of  J  inch  to  the  foot  will  give  good  results. 

It  is  obvious  that  the  range  of  adjustment  for  a  sleeve  as 
described  is  small,  but  sleeves  of  different  diameters  may  be  fitted 
to  the  same  mandrel,  the  thickness  of  wall  being  increased  to 
give  the  desired  size.  The  diameter  of  the  sleeve  should  be  such 
that  the  work  may  enter  without  forcing,  the  tightening  being 
accomplished  by  forcing  or  driving  the  sleeve  toward  the  large 
end  of  the  mandrel. 


Fig.  68. 


Fig.  64. 

If  a  sleeve  is  required  for  a  special  sized  hole,  and  is  to  be 
used  but  a  few  times,  and  through  a  limited  range  as  to  size,  it 
may  be  niade  of  cast  iron.  A  hole  is  bored  in  it  corresponding  in 
size  and  taper  to  its  mandrel ;  the  hole  should  be  made  to  allow 
the  small  end  of  the  mandrel  to  go  through  and  be  flush  with  the 
wd  of  the  skey^,    The  sleeve  should  be  forced  on  the  mandrel 
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and  turned  to  size ;  the  outside  diametor  should  fit  the  hole  in  the 
piece  to  be  machined  when  the  sleeve  is  at  the  small  end. 

In  order  that  the  sleeve  may  be  expanded  it  is  split  as  shown 
in  Fig.  64.  This  should  be  done  in  the  milling  machine,  the 
sleeve  being  held  by  the  ends  in  the  vise  and  the  cut  made  with  a 
metal  slitting  saw.     When  the  sleeves  are  intended  for  permanent 


Fig.  66. 

equipment  it  is  good  practice  to  make  them  of  either  machinery 
steel  or  tool  steel, —  if  made  of  the  former  they  may  be  case  hard- 
ened, if  of  the  latter  they  may  be  hardened  and  spring  tempered. 
In  either  case  the  hole  should  be  .010  inch  small,  and  the  outside 
diameter  .020  to  .025  inch  large,  and  ground  to  size  after  hard- 


Fig.  66. 

ening.  A  method  of  splitting  the  sleeve  for  a  more  uniform 
expansion  is  shown  in  Fig.  65 ;  small  sizes  have  four  cuts  for 
adjustment,  while  the  larger  sizes  have  six  or  eight. 

On  account  of  the  peculiar  construction  of  the  sleeve  shown 
in  Fig.  65  it  must  be  held  while  grinding  the  hole,  so  that  it  will 
not  spring.  To  do  this  the  sleeve  may  be  placed  in  a  hole  in  a 
collar  and  held  by  several  drops  of  solder  so  placed  as  to  hold  it 
rigidly  in  position.  In  order  that  the  solder  may  stick,  the  out- 
side   "    '      sleeve  must  be  brightened.     When  soldered  securely 
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the  collar  may  be  placed  in  the  chuck  on  the  grinding  machine 
nnd  the  hole  ground  to  the  desired  size,  after  which  it  may  be 
heated  to  melt  the  solder,  and  the  sleeve  removed  from  the  collar. 
It  can  then  be  placed  on  the  mandrel  and  the  outside  diamet«r 
ground  to  the  proper  size. 

Eccentric  Arbors.  Arlmm  are  made  eccentric  in  order  that 
the  outside  of  a  piece  of  work  may  be  made  eccentric  to  the  hole 
running  through  it,  as  shown  in  Fig.  66. 

When  making  an  eccentric  arbor  the  general  directions  given 
for  milking  mandrels  may  be  fol- 
lowed, except  that  the  centers 
should  be  quite  small.  The  man- 
drel should  be  placed  in  a  \ 
block  or  in  a  pair  of  centei-s,  and 
by  means  of  a  surface  gauge, 
the  needle  of  which  lias  been  set 
at  the  exact  height  of  the  center,  a  line  may  be  di-awn,  as  shown 
in  Fig.  67,  across  each  end  of  the  mandrel.  The  mandi'el  may 
now  be  Inrned  so  that  the  line  will  lie  vertical ;  the  point  of  the 
surface  gauge  may  be  raised  to  give  the  required  amount  of  eccen- 
tricity, and  a  line,  as  shown  in  Fig.  68,  scribed  on  each  end.  The 
ends  should  be  prick  punched  where  the  lines  intersect,  and  drilled 
and  countersunk  at  this  point. 


Pig.  d7. 
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After  hardening,  both  pairs  of  centers  should  b.t  lapped  to 
shape.  The  centers  marked  A  A  (Fig,  69)  must  \te  used  when 
grinding  the  mandrel  to  size  or  in  turning  work  which  is  to  be 
concentric  with  the  hole,  while  the  centers  B  B  are  used  when 
turning  the  eccentric  parts.  This  method  of  laying  off  and  drill- 
ing the  eccentric  center  may  not  give  the  necessary  accuracy  ;  in 
such  case  a  jig  must  be  used  in  drilling  the  center  holes.     A  suit- 
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able  jig  is  shown  in  Fig.  70.  The  ends  of  the  arbor  must  be 
turned  to  fit  the  hole  A,  Fig.  70,  in  the  jig,  which  is  a  collar 
having  a  straight  hole  through  it.  A  piece  of  steel,  which  is 
a  forcing  fit  in  this  hole,  has  a  hole  the  size  of  the  centering  drill 
laid  oflf  with  the  proper  amount  of  eccentricity.     This  piece  of 

steel  is  forced  to  the  center 
of  the  collar,  as  shown  at  B. 
A  straight  line  should  be 
drawn  across  the  collar  and 
down  the  beveled  edges,  as 
shown  at  C.  A  line  should 
now  be  scribed  the  entire 
length  of  the  mandrel,  which 
Fig.  70.  should  be  set  to   match   the 

line  on  the  jig,  which  may  be 
secured  in  its  proper  position  by  means  of  the  set  screws. 

For  machining  a  cylindrical  piece  having  a  hole  through  it  to 
receive  an  arbor,  and  the  faces  of  the  piece  not  panvUel,  as  shown  in 
Fig.  71,  it  is  well  to  use  a  mandrel  having  two  sets  of  centers^  as 
shown  in  Fig.  72,  one  of  which,  A  A,  are  the  regular  centers, 
while  the  eccentric  centers,  B  B,  should  be  equidistant  from  the 
regular  centers,  but  on  opposite  sides. 

ilillini:  nachlne  Arbors.  Arbors  for  milling  machines 
should  be   made   from   steel 


strong  enough  to  resist  (with- 
out twisting  or  springing) 
the  strain  caused  by  tighten- 
ing the  nut.  When  a  limited 
number  of  arbors  is  made, 
tool  steel  is  generally  used  : 
but  for  many  milling  ma- 
chines, necessitating  a  great 
many  arbors,  a  lower  priced 
steel  having  the  necessary  stiffness  is  selected. 

After  centering  and  squaring  the  ends,  a  chip  is  turned  the 
entire  length  of  the  piece,  to  remove  all  the  outer  surface.  The 
ends  D  and  C,  Fig.  73,  are  next  turned  to  size,  and  the  tenon 
milled  to  the  desired  dimensions :  when  milling  for  the  tenon,  the 


Fig.  71. 
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arbor  should  be  held  between  centers,  and  the  cutting  done  with 
an  end  mill  of  the  form  shown  in  Fig.  74;  the  circumference  of 
the  cutter,  leaving  the  proper  shape  lU  end  of  tenon.  The  cen- 
tuifi  should  lie  liiirdened,  and  the  temper  drawn  bi  a  straw  color. 
If  the  projection  on  the  end  of  the  ariior  at  0,  Fig,  73,  is  to  be 
niti  ill  a  socket  in  the  tiil  lilock  of  a  milling  machine,  it  must 
be  hai-dened  the  entire  length,  iu  which  case  the  thread  for  the 
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nut  should  be  cut  before  Imrdening  the  end.  If  a  lathe  having  a 
taper  attachment  is  used,  there  is  no  iiaiticiilar  method  of  pro- 
cedure other  than  that  the  arbor  should  be  roughed  nearly  to  i^ize 
l)ofore  either  the  taper  or  straight  end  is  finiBlied.  It  will  save 
time,  however,  if  the  straight  end  A,  Fig.  73,  is  roughed  firet, 
then  the  taper  B  rouglied  and  finished,  after  which  the  shoulder 
E  and  the  stmi^ht  part  A  may  be  turned  to  size  and  finished.  If 
the  projection  0  is  to  run  in  a  socket,  it  should  be  turned  ,010  or 
.01,5  inch  abovi-  Hnish  size,  and  ground  to  the  proper  dimensions. 


«L 
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If  it  is  necessary  to  use  a  lathe  having  no  btper  attachment, 
the  necessary  taper  must  l>e  obtained  by  setting  over  the  tail  block. 
In  this  case  it  is  better  to  turn  and  fit  the  taper  first.  If  the 
taper  were  turned  to  finish  size  after  finishing  the  straight  part, 
the  centers  would  become  changed  to  a  degree  that  would  throw 
the  arbor  out  of  true.  These  instructions  should  le  followed 
wherever  a  straight  and  taper  surface  are  to  be  turned  on  the 
same  piece  of  work,  in  a  lathe  having  no  other  means  of  turning 
tellers  except  by  setting  over  the  tail  block. 

Milling  machine  arlxirs  should  have  a  spline  slot  cut  the 
entire  length  of  the  part  that  is  to  receive  the  cuttera;  this  can 
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best  be  done  in  a  shaper.  Before  putting  the  arbor  in  the  shaper 
vise  a  hole  should  be  drilled  elose  to  the  shoulder  for  the  tool  to 
run  into ;  the  drill  used  should  be  about  ^^  inch  larger  in  diameter 
than  the  thickness  of  the  splining  tool,  and  the  hole  drilled  a  trifle 
deeper  than  the  slot  to  be  cut.  When  the  arbor  is  placed  in  the 
vise  a  piece  of  sheet  brass  or  copper  should  be  placed  between  the 


Fig.  74.  ^ 

arbor  and  the  vise  jaws  to  prevent  bruising  the  arbor. 

Where  extreme  accuracy  is  required,  it  is  advisable  to  leave 

the  straight  and  taper  parts  a  few  thousandths  of  an  inch  above 

size  and  grind  to  size  all  over  after  the  spline  cut  is  tsfken. 

The  nut  is  usually  made  of  machinery  steel,  case  hardened. 

A  bar  of  steel  -^^  inch  larger  than  finish  size  of  nut  is  selected,  and 

a  piece  -^  inch  larger 
than  finish  length  is  cut ; 
it  is  then  put  in  a  chuck 
on  the  lathe,  the  hole 
drilled,  and  the  thread 
cut;  if  no  tap  of  the  de- 
sired size  is  at  hand  the 
thread  may  be  chased. 
If  a  tap  can  be  obtained, 
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Fig.  76. 


the  thread  should  be  chased  nearly  to  size  and  finished  with  the 
tap  ;  before  taking  from  the  chuck  the  end  of  nut  should  be  faced 
and  the  hole  recessed  to  the  depth  of  the  thread  for  a  distance  of 
two  threads.  After  taking  from  the  chuck  it  should  be  placed  on 
an  arbor  having  a  screw  which  fits  the  thread  in  the  nut.  The 
nut  should  be  turned  to  size  and  length,  and  the  two  opposite 
sides  milled  to  receive  the  wrench  used  in  tightening.  Fig.  75 
gives  two  views  of  the  nut.  It  should  be  made  and  case  hardened 
before  the  thread  is  cut  on  the  arbor,  in  order  that  the  thread  on 
the  arbor  may  be  made  to  fit  the  nut.  Milling  machine  arbor  nuts 
should  fit  the  thread  on  the  arbor  in  such  a  manner  that  they  may 
be  turned  the  entire  length  of  the  thread  without  the  aid  of  a 
wrench,  yet  not  be  loose. 
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TAPS. 


When  making  taps  ^  inch  diameter  and  smaller,  the  threads 
are  often  cut  with  screw  dies,  of  which  there  are  two  styles.  The 
form  of  Bcrew  plate  shown  in  Fig.  T6  is  tenned  a  jam  die  plate. 
With  this  form  the  die  is  openeil  to  allow  the  wire  to  pass  through 
antil  it  is  even  witli  the  outside  edge  of  the  die,  which  is  now 
forced  into  the  wire  by  means  of  the  adjiistiug  screw  A  ;  the 
8crew  plate  is  revolved  until  a  thread  the  desired  lengtli  is  cut. 
This  operation  is   continued,   the  die  being  cloiied  a  trifle  each 


Fig.  76. 

time  until  the  desired  sizs  is  obtained.  The  method  taken  of 
gauging  the  correct  size  varies  in  different  sliopa;  if  only  one  is 
made,  the  tops  of  the  thteads  are  measured  with  u  micrometer 
caliper;  but  for  many  taps  of  the  same  size,  such  as  for  sewing 
machines,  guns  iind  bicycles,  a  sizing  die  iB  used  to  give  the 
threads  an  exact  size.  The  threads  are  cut  to  within  a  few  thou- 
sandths of  an  incli  with  the  die  plate,  and  Btiished  with  the  sizing 
die.     One  form  of  sizing  die  is  ohown  in  Fig.  77, 


Flp.  77. 


Where  a  great  many  taps  of  a  size  are  cut,  it  is  customary  to 
use  several  dies  of  different  sizes,  one  of  which  (the  6nishing  die) 
is  alwayp  made  adjustable.  The  roughing  dies  may  be  made  solid 
or  adjustable,  but  the  finishing  must  be  adjustable  for  wear,  or 
when  it  la  found  desirable  to  change  the  size  of  the  t«ps.  These 
dies  aie  Bometimea  held  in  separate  holders  of  tlie  form  shown  in 
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Fig.  77,  but  a  very  convenient  form  of  holder  is  shown  in  Fig,  78. 
If  all  the  dies  are  in  one  holder  they  do  not  become  scattered 
around  the  shop.  When  making  many  taps  at  a  time,  the  work 
can  be  done  better  and  cheaper  if  the  wire  is  held  in  a  chuck  in  a 
lathe.  The  die  plate  should  be  placed  against  a  drill  pad  held  in 
the  tail  spindle  of  the  lathe,  in  ordei:  to  insure  starting  the  threads 


Pig.  78. 

true.  The  largest  die  should  of  coui-se  be  run  on  first,  the  second 
largest  next  and  so  on  to  the  finish  die. 

For  taps  up  to  and  including  ^  inch  diameter,  it  is  customary 
to  use  drill  rod.  The  taps  should  be  chamferred  for  a  distance  of 
three  or  four  thi*eads,  as  shown  at  A,  Fig.  79,  in  order  that  the 
point  may  enter  the  drilled  hole. 

Taps  for  general  use  around  the  shop  are  often  made  in  sets 
of  three ;  the  first  tap  to  enter  the  hole  is  called  the  taper  tap. 


Fig.  79. 
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because  of  tne  long  chamfeiTing  or  taper.  The  second  is  known 
as  the  plug  tap ;  this  tap  has  the  first  two  or  three  end  threads 
chamferred,  and  is  used  when  the  screw  is  to  go  nearly  to  the  bottom 
of  the  tapped  hole.  The  bottoming  tap  is  used  when  the  thread  is 
to  go  to  the  bottom  of  the  hole  being  tapped  ;  the  end  of  this  tap 
is  not  chamferred.     See  Fig.  80. 

Taps  larger  than  ^  inch  are  made  from  tool  steel.  Taps  4 
to  J  inch  diameter  should  be  made  of  stock  at  least  ^  inch  large; 
it  should  be  centered  quite  accurately  with  a  small  drill,  because 
a  large  center  hole  weakens  the  tap  and  increases  the  liability  of* 
its  cracking  when  hardened.  After  taking  a  chip  suffioientfy 
deep  to  remove  all  the  outer  coating,  it  should  be  "  box  annofdie 
if  possible. 


69 


TOOL    MAKIN<i. 


HAND  TAPS. 


Hand  bips  are  iDlended  for  tafiping  boles  by  baud  and  are 
usually  luude  lu  seta  of  tbree,  as  previously  explained.  After  an- 
nealing, the  stiaiik  aliould  be  turned  to  size  and  the  square  eud 
milled  for  a  wrench.  The  bnily  sboiild  now  be  turned  to  size,  and 
the  thread  cut.  Before  turning  any  of  the  parts  to  size  uv atsirtiiig 
to  cut  the  thread,  be  sui-e  that  tlie  eenters  of  the  lathe  are  in  goo*t 
condition;  the  live  center  should  run  true,  the  dead  center  ahoiild 
(it  the  center  gauge,  and  be  in  good  shape. 


It  is  advisiible  to  cut  the  tap  slightly  tiipering.  tlie  thread 
being   from   ,000.0  tii  ,001  inch  anmller  at  the   end  toward   the 
shank.     This  prevenU  the  tJiji  binilrrtir  ";U-—  -i^.iii.-  ........    v^t 

it  is  not  tJipcriug   enough    to  affect    tli  ]. 

The  thread  tonl  should  Ihj  an  t-xxct  li.  ,    .  mi 

ill  the  toiil  jKiat  bo  thai  the  top  of  t 
The  top  of  bbid«  ttliown  at  A,  Fig 
with  the  top  of  the  ahank  ;  the  col 
exact  height  of  the  jmint  of  t 
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consider  it  advisable  to  rough  the  thread  nearly  to  size  with  a 
single  point  tool,  finishing  it  with  a  chaser  which  may  be  held  in 
the  same  holder.  A  chaser  blade  is  shown  in  Fig.  82.  After  the 
thread  is  cut  to  size  and  the  end  chamf erred,  the  tap  is  ready  to 
be  grooved  in  the  milling  machine.  The  tap  is  held  between 
centers  and  the  grooves  cut  with  a  cutter  especially  adapted  to 
the  size  and  style  of  tap.  While  the  grooves  should  be  cut  with 
a  milling  machine  cutter,  it  is  possible  to  cut  them  in  a  planer  or 
shaper,  using  a  tool  of  the  proper  shape.  Great  care  must  be  used 
not  to  stretch  the  tap  by  heavy  chips,  or  by  using  a  dull  tool. 

The  grooves  cut  in  taps  are  ordinarily  termed  flutes.     When 
making  taps  for  the  market  it  is  usual  to  cut  four  flutes  in  all  taps 

A 


Fig.  Sl. 

up  to  and  including  2^  inches  diameter.  But  when  taps  are  made 
in  the  shop  where  they  are  to  be  used,  the  number  and  shape  of 
the  grooves  depend  on  the  nature  of  the  intended  work.  A  tap 
that  is  to  run  through  the  work  without  any  backing  out,  can  have 
a  different  shaped  flute  from  one  that  is  to  tap  a  deep  hole  in  a 
piece  of  steel,  where  it  is  necessary  to  reverse  the  motion  of  the 
tap  every  two  or  three  revolutions  to  break  the  chip,  and  also  to 
allow  the  lubricant  to  reach  the  cutting  lips. 

While  all  taps  up  to  and  2  J  inches  diameter  are  usually  given 
four  stmight  flutes,  spiral  flutes  are  sometimes  desirable,  especially 
with  small  taps  for  some  classes  of  work.  With  spiral  flutes,  it  is 
generally  necessary  to  cut  a  less  number,  and  as  taps  are  not 
ground  after  hardening,  there  is  no  objection  to  giving  an  odd 
number  of  teeth,  as  in  case  of  a  reamer.  Three  spiral  flutes  are 
often  cut. 

If  a  tap  I  inch  in  diameter,  having  four  flutes  of  the  regula- 
tion width,  were  used  to  tap  tubing  having  thin  walls,  the  tubing 
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between  the  lands  would  have  a.  tendency  to  cloae  into  the  flutes 
of  the  tap,  which  might  break  the  tubing.  In  such  a  ciise  there 
should  be  double  the  number  of  fliitcB,  in  order  to  provide  enough 
lands  to  hold  the  tubing  in  shape.  If  the  hole  to  be  tapped  has 
part  of  its  ciraumference  cut  away  as  shown  in  Fig.  83,  more 
than  four  lands  ai-e  necessary. 


/VWNAAAA 


Fig.  Si. 


FlR.  88. 


However,  for  general  machine  shop  work  four  flutes  work 
well  in  hand  taps  up  to  and  including  2j  inches  diameter.  For 
larger  sizes,  some  tool  makers  advocate  six  flutes  ;  others  claim 
beat  results  from  taps  having  four  flutes  regardless  of  size.  The 
class  of  work  and  the  stock  used  in  the  individual  shop  must 
determine  this. 

Forms  of  Flutec.  The  most  commonly 
used  form  of  flute  is  that  cut  with  a  convex 
milling  cutter  (Fig.  84)  for  milling  half  circles. 
The  advantages  claimed  for  tliis  form  are :  the 
Sutes  are  of  sufficient  depth  to  provide  for  the 
chips,  and  yet  leave  the  lando  strong  enough  ; 
and  the  form  of  the  back  of  the  hiiid  issuch  that 
the  chips  cannot  be  wedged  between  the  laud 
and  the  work  when  the  motion  of  the  tap  is 
reversed.  The  foi-m  of  groove  made  with  this 
cutter  is  shown  in  Fig.  85.  In  order  to  support 
the  tap  when  starting  to  cut,  and  to  prevent  cutting  the  hole  large 
at  the  outer  end,  hand  taps  have  their  lands  left  wider  (as  shown 
at  A,  Fig.  85)  than  is  the  case  with  machine  taps.     If  the  forms 


Fig.  84. 
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of  cutter  shown  in  Fig.  85  or  Fig.  86  are  used,  tlie  width  of  lands 
as  sliown  at  A  may  be  one  fourth  the  diameter  of  the  tap.  A 
Brown  &  Sharpe  Tap  and  Iteiitner  Cutter  is  shown  in  Fig.  86. 
Fig.  87  shows  a  special  form  of  cutter  inade  by  Browu  and 
Sharpe.  It  does  not  make  as  dee|)  a  groove  (Fig.  88)  in  propor- 
taon  to  the  width  as  a  Tap  and  Reamer  Cutter. 


FlR.  85. 


Fig.  86. 


After  cutting  the  groorea,  the  landa  should  be  backed  off  to 
give  the  tap  cutting  edges ;  this  is  usuidly  done  with  a  file.  Com- 
mence  at  the  heel  of  the  land,  A  Fig.  89,  file  the  top  of  the 
land,  and  gradually  approach  the  cutting  edge,  mak- 
ing sure  that  no  stock  is  removed  at 
that  portion;  simply  bring  it  to  a  sharp 
edge.  Enough  should  be  filed  off  the 
heel  A  to  make  it  cut  readily,  yet  not 
enough  to  cause  it  to  chatter.  The  size 
and  number  of  threads  per  inch  should 
be  stamped  on  the  sliank  of  the  tap.  If 
it  has  a  thread  differing  from  that  in 
general  use  in  the  shop,  that  should  also  be  stamped 
on  the  shank,  as  U.  S.  S.,  if  it  is  a  United  States  Standard  tliread. 
The  following  table  gives  the  number  of  cutter  for  different 
diameters  of  taps  when  the  form  shown  in  Fig.  87  is  used. 


Fig.  88. 


Fig.  87. 


No.  1  Cutler  Cuts  Taps 


o  1  Inch  diameter. 
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Hardening.  If  but  a  few  tii[>8  are  Ut  he  hardened  at  a  time, 
it  is  cUDtuiiiary  to  heal  tlietii  in  a  gas  jet  or  iiti  open  Hie  of  cliar- 
cottl  or  hard  coal.  It  is  advisable,  liuwever,  to  heat  the  ta|K<  grad- 
ually in  a  tube.  They  may  be  plunged  one  at  a  time  into  the 
bath  a  little  above  the  threads.  The  tap  should  be  worked  up 
and  down  and  around  in  the  bath  to  prevent  soft  spots.     Taps 


Fifi.  S9. 

1  inch  diameter  and  amaller  should  1>e  left  in  the  bath  until 
cold;  if  larger  they  may  be  removed  from  tlie  bath  as  soon  as  the 
singing  noise  ceases,  and  immediately  plunged  in  nil  and  left  until 
cold.  For  taps  less  than  \  inch  diameter,  the  citric  acid  hatli  will 
be  found  satisfactory ;  for  larger  taps  use  strong  brine. 

To  have  the  tap  retain  as  nearly  iw  po^isible  its  size  and  cor^ 
rectnesa  of  pitch,  use  the  "pack  hardening"  process.     Run  taps 


Fig.  W. 


J  inch  diameter  and  smaller.  ^  hour  after  they  are  red  hot ; 
taps  5  to  ^  inch  diameter,  1  hour ;  taps  J  to  ^  inch  diameter.  1 J 
hours  ;  taps  lai^er  than  one  inch  diameter,  2  hours.  Harden  in  a 
lath  of  raw  linseed  oil. 

It  is  advisable  to  grind  the  dutes  of  the  taps  with  an  emery 
wheel  of  the  proper  sKipe  in  onler  to  brighten  tlie  surface,  so  that 
the  color  may  be  readily  seen  when  drawing  the  temper.  It  also 
sliiirpens  the  cutting  edges  and  breaks  the  burrs  that  have  been 
thrown  lietween  the  teetli  when  cutting  the  flutes.  The  temper 
should  l>e  dr^wn  to  a  full  straw  color.  Much  more  satisfactory 
results  may  be  obtaineil  by  heating  the  taps  in  a  kettle  of  oil,  dniw- 
ing  the  temifer  to  a  point  from  ■H>0°  to  .11)0°,  according  to  the  size 
of  the  tap  and  the  nature  >>f  the  stock  to  be  cut 
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MACHINE  TAPS. 

As  the  name  implies,  machine  taps  are  intended  for  screw 
machines,  tapping  machines,  and  lathes.  They  are  held  in  chucks 
or  collets  by  their  shanks,  and  are  supported  firmly.  Consequently 
the  lands  may  be  made  narrower  than  those  of  hand  taps  to  make 
them  offer  less  surface  to  the  work,  thereby  reducing  the  amount 
of  frictional  resistance.  Also,  they  may  be  relieved  between  the 
teeth,  by  filing  with  a  sharp  cornered  three  square  file,  commeno- 
ing  at  the  heel  of  the  tooth  and  filing  nearly  to  the  catting  edge. 


Fig.  91. 

It  is  not  good  practice  to  relieve  the  teeth  very  much  because  chips 
may  be  drawn  between  the  work  and  the  lands  when  backing  out 
of  the  work.  When  taps  are  to  be  used  in  an  automatic  tapping 
machine  without  reverse  motion  the  shanks  are  left  long  as  shown 
in  Fig.  90  in  order  that  the  nuts-may  pass  over  the  thread  and  on 
to  the  shank.  When  this  is  full  the  tap  is  taken  from  the  machine 
and  the  nuts  removed  ;  this  can  be  readily  done  as  they  will  pass 
over  the  end  of  the  shank. 

If  a  tap  is  to  be  used  on  nuts  whose  holes  are  punched  to  size, 

much  better  results  are 
obtained  by  using  a  tap 
having  five  flutes,  as  shown 
in  Fig.  91,  instead  of  four. 
The  uneven  number  of  cut- 
ting edges  reduce  the  lia- 
bility  of   an   imperfectly 


Fig.  92. 


tapped  hole,  while  the  extra  land  furnishes  additional  support. 

Taper  Taps.  When  cutting  the  threads  of  a  taper  tap.  Fig, 
92,  it  is  necessary  to  use  a  lathe  having  a  taper  attachment,  as 
the  pitch  of  the  threads  is  not  correct  if  the  taper  is  obtained  by 
setting  over  the  tail  stock.  Like  machine  taps,  the  teeth  of  a 
taper  must  be  relieved  back  of  the  cutting  edge. 

In  setting  the  threading  tool  for  cutting  taper   taps,   care 


74 


TOOL    MAKING.  (17 

Hhould  be  taken  that  it  is  uquaiu  with  the  tuciu  of  the  tap,  rather 
thao  square  with  the  taper  sideH. 

Screw  Die  Hobs.  Die  hobs  are  finish  tapa  for  sizing  the 
thread  in  screw  cutting  dies.  The  several  fiutes  are  narrower 
than  tlir«e  of  an  ordinary  tap  and  the  lands!  are  correspondingly 
wider.  The  tap  shown  in  Fig.  93  lias  eight  flutes.  The  iniTeaaed 
number  and  broader  landw  support  tlm  tap  while  running  tlirough 
dies  whose  cleniance  holes  are  drilled,  iti  order  to  remove  burrs 
thrown  in  the  threads  when  drilling.  It  is  oUHtomary  to  give 
Hcrew  die  liolis  a'lX  to  ten  ilutes. 

When  hobs  are  used  for  solid  dies  they  must  be  of  exact  size. 
Wlien  intended  for  tapping  adjustable  dies,  such  as  are  ordinarily 
used  for  cutting  threads  in  screw  iniKhine  work,  the  hobs  are  made 


FIr.  f>3. 

from  .003  to  .005  inch  abiive  the  size  of  the  screw  Ui  Ite  cut.    The 
extra  size  gives  relief  to  the  threads  of  tlie  die. 

While  it  is  generally  considered  advisabh;  to  run  one  or  more 
taps  through  a  die  before  the  holi,  some  tool  makera  consider  it 
better  to  make  a  hob  that  will  do  all  the  (jutting,  claiming  that 


no  two  taps  can  be  nwide  and  hardened  so  that  the  pitch  will  be 
exactly  the  same.  lu  such  eases  a,  hub  (Fig.  94)  is  made  (hat 
will  cut  a  full  thread  hy  passing  through  the  die. 

Some  manufiietui'ers  cut  the  thread  tapering  for  al>out  thre^ 
quartei-s  of  tlie  entire  length  of  the  thread,  leaving  the  balanoe 
straight  for  use  in  sizing  the  die.  Others  cut  tin'  thread  straight 
and  taper  the  imtside  of  the  thread  for  tbree-qiiartei^  its  entire 
length.  If  the  threiuhi  are  cut  tapering,  tliey  iniist  lie  relieved 
buck  of  the  cutting  edges,  as  already  d^'seribed. 
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ADJUSTABLE  TAPS. 

A  solid  tap  made  to  cut  to  exact  size,  having  no  leeway  for 
wear,  soon  becomes  too  small.  This  is  overcome  by  making  a  tap 
that  may  be  adjusted  from  time  to  time.  Another  reason  for 
making  taps  adjustable  is  that  the  holes  may  be  tapped  to  fit  hard- 
ened screws  which  vary  in  size  on  account  of  having  been  hardened. 

Probably  the  most  common  form  of  adjustable  tap  is  the  one 
shown  in  Fig.  95.  This  tap  is  made  in  one  piece,  and  then  split 
It  has  some  means  of  adjustment  whereby  the  tap  may  be  ex- 
panded or  conti*acted  through  a  limited  range.  This  may  be 
accomplished  by  using  a  taper  bodied  screw.  The  hole  to  receive 
the  screw  should  be  drilled,  tapped  and  taper  reamed,  before  the 


Fig.  ^. 

tap  is  turned  to  size.  The  thread  should  then  be  cut  and  the  taper 
thread  cut  on  the  end  at  A.  There  is  less  tendency  to  spring 
when  the  tap  is  hardened  if  the  projection  shown  in  Fig.  96  is 
provided ;  this  may  be  groimd  off  after  the  tap  is  hardened  and 
tempered.  After  cutting  the  flutes,  the  tap  may  be  split  in  the 
milling  machine  using  a  metal  slitting  saw ;  the  tap  should  be 
held  between  centers.     It  is  split  on  two  opposite  sides,  as  shown 

at  B,  Fig.  95.      The  splitting 

should  not  go  to  the  end  of  the 

projection. 

For  hardening  taps  "  Pack 

Hardening  "  is  the  best  method. 
Pig  9Q  But,  if  it  is  impossible  to  use  this 

method,  heat  the  tap  very  care- 
fully in  a  muffler  furnace,  or  in  a  tube,  having  previously  plugged 
the  hole  for  the  adjusting  screw  with  fire-clay  mixed  with  water 
to  the  consistency  of  dough.     When   the   tap  is    heated  to  the 
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proper  degree  it  should  be  dipped  in  a  bath  of  luke-Trarm  brine, 
and  worked  up  and  down  rapidly.  After  hardening,  it  should  be 
groond  in  the  flutes,  aud  the  temper  drawn  to  a  full  straw  color. 
The  projection  on  the  end  may  be  ground  off,  the  taper  screw  in- 
serted, and  the  locking  nut  B,  Fig.  95,  screwed  to  place.  This  nut 
has  a  taper  thread  cut  inside  to  correspond  with  tlie  thread  on  the 
tap  at  A,  Fig.  96.  It  will  be  found  necessaiy  to  cut  the  taper 
thread  on  the  bap  and  in  the  nut  by  means  of  the  taper  attachment. 
Inserted  Blade  Tap*.     The  first  cost  of  an  inserted  blade 


ZE 
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tap  may  not  be  much  less  tlian  that  of  a  solid  tap  of  the  same 
size,  yet  on  account  of  the  comparatively  small  cost  of  new  blades 
which  can  be  inserted  in  the  same  body,  or  holder,  when  the  first 
set  becomes  worn,  this  form  is  very  valuiible  for  taps  lai^er  than 
1^  inches  diameter.  The  tap  shown  in  Fig.  97  may  also  be  Used 
as  an  adjustable  tap.  The  shank  or  holder  A  is  made  of  machinery 
steel,  and  the  adjusting  collars  C  C  are  beveled  on  the  inside  at 
one  end  at  an  angle  corresponding  to  the  angle  on  the  ends  of  the 
blades.     An  angle  of  45°  will  be  found  satisfactory. 

After  turning  the  body,  or  holder  to  size,  and  cutting  the 
threads  to  receive  the  nuts,  the  slots  for  the  blades  may  be  milled ; 
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these  should  be  cut  deeper  at  tht;  cutting;  end  iti  order  that  nny 
change  III  tli^  loiatiou  of  the  hlades  nuiy  alter  the  sim  of  the  tiip. 
A  tuper  of  ,'g  mch  in  three  inches  ia  ample.  If  the  slots  are 
milled  on  the  universal  milling  niaoliine,  and  t)ie  tap  held  in  the 
univetval  uentera  the  spiral  head  iniiy  be  depressed  sulhciently  to 
give  the  desired  angle.  If  a  pair  of  centers  of  the  form  shown  in 
Fi):^.  98  are  used  they  may  be  lield  in  the  luilling  machine  vise  at 


Fig.  M. 

the  desired  angle.  Tlie  milling  cuttvr  should  be  set  about  5^  inch 
ahead  of  the  center  in  ordei-  that  the  face  of  tlie  blade  may  be 
milled  enough  to  take  any  inequality  in  tlie  teeth  at  the  cutting 
face  of  the  blade  occasioned  by  the  tliread  ti>oI  striking  the  face 


when  it  starts  to  cut.  The  amount  milled  from  the  face  should 
be  just  enough  to  leave  tlie  cutting  face  i-adial.  The  blades  should 
be  of  an  exact  length  ami  should  fit  accurately  in  tlie  slots.  A 
gauge  of  the  form  shown  in  Fig,  99  will  insure  uniform  length. 
After  the  blades  have  been  ciirefnlly  fitted  to  the  slots  and  to  the 
gauge,  ihey  maylw  inserted  in  the  holder  and  secured  by  the  nuts 
iis  shown  in  Fig.  9".     The  outside  dianifter  is  then  turned  almut 
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.005  inch  smaller  tlian  the  size  the  ta[)  is  to  cut  and  the  threads 
very  carefully  cut;  after  which  the  face  of  the  blades  may  be 
milled  jis  explained,  the  cutting  end  chaniferred,  and  the  necessary 
amount  of  clearance  given  the  cutting  edges  by  filing.  The  blades 
are  now  ready  for  hardening. 

When  liardening,  the  blades  should  be  subjected  to  a  slow 
heat  in  a  muffler  furnace,  or  a  tube.  When  a  blade  reaches  a  low 
uniform  red  heat,  it  should  be  immersed  in  a  bath  of  luke-warm 
water  or  brine,  and  worked  up  and  down  to  insure  uniform  results. 
After  hardening  it  may  l)e  brightened  and  drawn  to  a  deep  straw 
color.  It  is  well  to  place  all  the  blades  in  a  pan  having  a  long 
handle,  as  shown  in  Fig.  100.    Coarse  sand  to  a  depth  of  about  1^ 


Fig.  100. 

mches  may  lie  placed  in  the  bottom  of  the  pan  with  the  blades. 
The  jmn  should  l)e  placed  over  a  bright  fiie  and  shaken  carefully 
so  that  the  teeth  will  not  be  dulled  by  striking  the  other  hardened 
blades,  while  the  sand  and  the  blades  are  heating.  The  motion 
causes  it  t<^  heat  uniformly  and  the  sand  keeps  the  surface  of  the 
work  bright  so  that  the  temper  colors  may  bo  readily  seen.  This 
methoil  of  drawing  temper  will  be  found  very  satisfactory  on  many 
classes  of  work.  It  is  also  used  extensively  when  coloring  pieces 
by  heat  where  a  great  many  pieces  are  to  l)e  colored  uniformly. 

Square  Thread  Taps.  Although  the  square  thread  is  not  as 
extensively  used  as  formerly,  having  given  place  in  many  shops  to 
the  '•  Acme  Stiindard,"  yet  it  is  sometimes  necessary  to  make  taps 
for  this  form. 

Steel  should  Ixi  selected  sufficiently  large  and  the  decarbon- 
ized portion  removed ;  the  shank  should  be  turned  to  size.  The 
square  should  l>c  milled  for  a  wrench  and  the  size  and  number  of 
threads  per  inch  stamped  on  the  shank.  The  cutting  end  of  the 
tap  should  be  turned  to  size,  the  necessary  amount  of  taper  given 
the  tap  and  then  the  threads  cut 
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Tlie  tool  used  for  cutting  square  threads  is  similar  ia  form  to 
a  cutting-off  (parting)  tool  except  for  its  angle  of  side  rake ;  it 
should  be  made  of  tlie  proper  thickness  at  the  point  but  should  be 
somewhat  narrower  buck  of  the  cutting  end,  as  shown  in  Fig. 
101,  in  order  that  it  may  clear  when  cutting. 


Pl((.  101.  Fig.  108. 

The  thickness  of  the  cutting  end    should  be   one  half  the 

distance  from  the  edge  of  one  thread    to  the  corresponding  edge 

of  the   next   thread.      For  a  square  thread  of  2  pitch,  the  land 

and  space  together  would 

a      be  ^  inch,  while  the  land 

and  space  would  each  he 
i  inch  wide.  The  point 
of  the  tool  would  be  \  inch 
thick. 

The  sides  of  the  tools 
from  A  to  B,  Fig.  102, 
must  be  inclined  to  the 
body  as  shown,  the  amount 
of  the  inclination  depend- 
ing upon  the  pitch  of  the 
thread  and  diameter  of  the 
tap  to  be  cut.  It  may  he  determined,  however,  by  the  method 
shown  in  Fig,  103.  Draw  the  line  A  B,  and  at  right  angles  to  it 
draw  C  D,  whose  length  must  be  equal  to  the  circumference  of  the 
thread  to  be  cut,  measured  at  the  bottom  or  root  of  the  thread. 
On  A  B  lay  off  from  the  point  C  a  distance  E  C  equal  to  the 
pitch  of  the  thread  to  he  cut.  Then  draw  the  line  D  E,  which 
will  represent  the  angle  of  the  side  of  the  thread ;  the  angle  of 
the  side  of  the  cutting  tool  must  be  sufficiently  greater  to  give  the 
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necessary  clearance.  It  is  advisable  to  cut  the  thread  with  a  tool 
somewhat  narrower  than  the  required  width  at  first,  and  finish 
with  a  tool  of  the  proper  thickness. 

Square  thread  taps  may  be  fluted  according  to  directions 
given  for  V  thread  taps.  If  a  tap  ia  intended  to  cut  a  full  thread, 
it  must  be  well  backed  off,  in  order  to  avoid  the  necessity  of  using 
so  much  force  that  the  tap  would  be  broken.     When  a  tap  ia  to 


be  osed  to  eize  s  hole  whose  thread  has  been  oat  by  a  smaller  tap, 
very  little  clearance  is  necessary. 

Tap  Wrenches.  When  taps  are  osed  whose  squares  are  all 
of  a  size,  a  solid  tap  wrench  may  be  made,  as  shown  in  Fig.  104. 
This  wrench  ia  forged  nearly  to  shape,  Ute  handles  tamed  to  size 


Fig.  loe. 

in  the  lathe,  and  the  square  hole  in  the  center  drilled  and  filed. 

Releasing  Tap  Holders.  When  holes  are  to  be  tapped  to  a 
uniform  depth  in  a  screw  machine  or  taiTct  lathe,  a  tap  holder  is 
osed  which  automatically  releases  the  tap  when  it  reaches  the 
required  depth.  A  very  common  form  which  gives  excellent 
results  when  properly  made  and  adjusted  ia  shown  in  Fig.  105. 
It  consists  essentially  of  a  sleeve  A,  which  fits  the  tool  holes  in 
the  turret  of  the  screw  machine,  and  the  tap  holder  B,  which  fits 
the  hole  in  the  sleeve  in  such  a  mmner  as  to  slide  longitudinally. 
The  sleeve  A  should  be  mule  of  tool  steel  if  of  a  dinmet«r  that 
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makes  the  wall  amuiul  the  hole  thin ;  the  hole  should  be  drilled 
and  reamed  to  size,  and  the  outside  turned  to  size.  Tlie  portion 
of  the  sleeve  which  enters  the  hole  in  the  turret  should  be  a  snui' 
fit.  The  tap  holder  B  should  be  made  of  tool  steel,  or  of  a  grade 
of  machinery  steel  possessing  great  stiffness  and  good  wearing 
qualities.  After  roughing  out  to  sizes  somewhat  larger  than 
finish,  the  end  which  is  to  hold  the  tap  may  te  turued  to  size  and 
the  (stem)  end  which  is  to  run  in  the  sleeve  may  \>e  fitted,  after 
which  the  hole  I,  to  receive  the  tap  may  l>e  made  of  a  convenient 
size.  In  order  that  the  hole  may  be  perfectly  concentric  with  the 
holder  it  will  be  necessary  to  run  the  large  end  of  the  holder  in 
the  steady  rest  of  the  lathe ;  the  opposite  end  should  be  fastened 
against  the  head  center  of  the  lathe  in  such  a  manner  that 
the  stem  runs  perfectly  true.  With  work  of  this  nature,  the 
head  center  of  the  lathe  must  \ye  in  good  condition  and  run  true. 
After  the  hole  hjis  been  drilled  somewhat  smaller  than  finish 
size,  it  is  necessary  to  true  the  hole  with  a  l>oring  tool ;  the  hole 
should  be  bored  to  within  .010  inch  of  finish  size,  after  which  it 
may  be  reamed  with  a  rose  reauier.  Before  reaming,  however, 
the  outside  edge  of  the  hole  should  Ix*  cliamferred  to  the  shape  of 
the  point  or  cutting  end  of  reamer,  to  avoid  any  possibility  of 
the  reamer  running.  Some  tool  makei-s  never  ream  a  hole  of 
this  nnt'i'e  if  it  can  be  avoided,  always  bf)nng  to  size  with  a 
tool  that  makes  a  smooth  cut;  but  if  extreme  care  is  used,  results 
good  enough  for  a  tool  of  this  eharat^ter  may  be  obtained  if  the 
holes  are  finished  to  size  with  a  reamer. 
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THREAD   CUTTINQ   DIES. 

The  size  of  a  die  is  always  denoted  by  the  diameter  of 
screw  it  will  cut;  a  die  that  will  cut  a  J  inch  screw  is  called  a  J 
inch  die,  irrespective  of  the  outside  diameter  of  the  die  itself. 

Thread  cutting  dies  are  made  solid  or  adjustable.  Solid  dies 
are  used  when  extreme  accuracy  is  not  required.  They  are  com- 
paratively inexpensive,  and  may  be  used  to  advantage  as  a  rough- 
ing die  when  an  adjustable  die  is  used  for  finishing.  Owing  to 
the  tendency  of  dies  to  change  their  sizes  when  hardened,  apd  to 
the  fact  that  there  is  no  provision  for  wear,  they  cannot  be  used 


Fig.  100. 


Fig.  107. 


where  work  must  be  made  to  gauge.  They  are  extensively  used 
in  cutting  threads  on  bolts,  and  for  this  class  of  work  are  made 
square,  as  shown  in  Fig.  106. 

In  making  a  square  die  the  blank  may  be  machined  to  thick- 
ness and  to  size  on  tlie  square  edges.  One  of  the  flat  surfaces 
should  be  coated  with  blue  vitriol,  or  the  blank  may  be  heated 
until  it  shows  a  distinct  brown  or  blue  color.  The  center  may  be 
found  by  scribing  lines  across  comers,  as  shown  in  Fig.  107.  It 
should  be  prick  punched  at  A  where  the  lines  intersect.  The  die 
blank  may  be  clamped  to  the  face  plate  of  a  lathe  and  made  to 
run  true  by  means  of  the  center  indicator.  If  there  is  no  tap  of 
the  proper  size,  and  only  one  die  is  to  be  made,  the  thread  may  be 
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cut  with  ail  iiiside  thread:  ag  tool,  provithMl  the  hole  is  of  sufficient 
size;  if  not,  a  tap  must  be  made.  If  the  thread  is  cut  with  a 
threading  tool,  the  size  must  be  determined  by  means  of  a  male 
gauge,  whicli  may  be  a  screw  of  the  proper  size.  After  thread- 
ing, the  hole  should  be  chamfen-ed  to  a  depth  of  three  to  four 
threads,  the  amount  depending  on  the  pitch  of  the  thread;  a  fine 
pitch  not  requiring  as  many  threads  chamf erred  as  a  coarse  pitch. 
The  chamferring  should  not  be  much  larger  on  the  face  of  the  die 
than  the  diameter  of  the  screw  to  be  cut.  Figs.  108  and  109 
show  two  views  of  a  die  chamf  erred  and  relieved  on  the  cutting 
edges.  The  chamferring  may  be  done  with  a  countei-sink  or  taper 
reamer  of  the  proper  angle.  In  the  absence  of  such  a  cutter,  a 
tool  held  in  the  tool  post  of  the  lathe  may  be  used. 


Fipr.  108. 


Fi«r.  109. 


Most  numufacturers  niiiking  dies  for  the  market  give  four 
cutting  edges  to  all  sizes  up  to  and  including  four  inches.  When 
dies  are  made  in  the  shop  where  they  are  to  be  used,  custom 
varies.  Some  tool  makers  advocate  three  cutting  edges  for  all 
dies  smaller  than  J  inch,  and  five  or  more  cutting  edges  for  dies 
above  two  inches.  Tlie  objection  to  more  cutting  edges  than  are 
absolutely  needed  on  large  dies  is  the  increase  in  the  cost  of 
making. 

When  making  dies  for  threading  tulung,  or  for  work  where 
part  of  the  circumference  is  cut  away,  it  is  better  to  give  them  a 
greater  number  of  cutting  edges  than  would  otherwise  be  the  case. 

Bake  of  Cutting  Edges.  For  general  shop  work,  where  the 
dies  are  ^'^  '  '    "  i  o£  stock,  it  is  advisable  to  make 

f '  ^^.  110,  the  cutting  edge« 
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A  A  A  A  all  pointing  to  tbe  center.  For  cutting  brass  castings, 
the  catting  edges  slinukl  have  a  slight  n^iitive  rake  as  shovrn  in 
Fig,  111,  the  cutting  edges  A  A  A  A  all  [winting  biick  of  the 
center. 

Clearance  Holes,  After  threading  luid  countersinking 
(chamferring),  screw  in  a  piece  of  steel  threaded  to  fit  the  die, 
and  face  it  off  flush.     Lay  out  the  centei-s  of  tlic  clearance  holes 


on  the  back  of  the  die,  and  drill  with  a  small  drill  the  size  of  the 
pilot  of  a  counterborc  whose  body  will  cut  the  r^ht  size  for  the 
clearance  hole.  The  centers  of  these  holes  for  dies  having  four 
cutting  edges,  and  from  f  to  ^  inch  may  be  tlie  intersections  of  a 
circle  having  a  diameter  equal  to  the 
diameter  of  the  screw  to  be  cut,  and 
lines  drawn  across  the  corners  as  slum  n 
in  Fig.  112.  Prick  punch  these  points. 
For  a  die  having  four  clearance  holes 
whose  centers  are  laid  out  as  shown  in 
Fig.  112,  it  is  customary  to  make  t)ie 
clearance  holes  one  half  the  size  of  the 
die ;  that  is  the  size  of  clearance  holes 
in  a  J  inch  die  would  be  ^  inch.  TJie 
width  A,  Fig.  113,  of  the  top  of  the 
lands  should  be  about  -^  of  the  circum- 
ference of  the  screw  to  be  cut.     The 

diameter  of  clearance  holes  given  does  not  apply  to  dies  smaller 
or  larger  than  sizes  given  (|  to  J  inch),  especialiy  if  the  dies  are 
to  be  used  in  the  screw  machine,  as  the  clearance  hole  not  only 
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8 


TOOL    MAKING. 


Fig.  113. 


provides  a  cutting  edge,  but  also  makes  a  convenient  j»lace  for 
the  chips ;  if  these  are  so  small  that  the  oil  cannot  wash  the  chips 
out,  the  chips  clog  the  holes  and  tear  the  thread. 

For  small  dies  the  clearance  holes  are  of  a  size  that  allows 

the  chips  to  collect  in  the  holes 
without  tearing  the  threads,  and 
are  located  a  greater  distance  from 
the  center  of  the  die,  in  oixier  to 
give  sufficient  strength  to  the 
lands.  The  desired  shape  and 
thickness  may  be  given  the  sides 
of  the  hinds  by  filing.  When  it 
is  considered  advisable  to  give 
screw  dies  above  J  inch  larger 
clearance  holes  than  the  size  men- 
tioned, they  may  be  located  at  a 
distance  from  the  center  of  the  die  that  will  give  the  desired  thick- 
ness to  the  land. 

For  screw  machine  and  turret  lathe  work,  dies  are  generally 
made  circular,  and  as  holders  for  dies  are  part  of  the  equipment 
Df  every  shop  having  screw  machines,  the  dies  should  be  made  to 
fit  these  holders  ;  but  it  is  not  considered  good  practice  to  make 
the  diameter  of  dies  less  than  2^  times  the  diameter  of  the  screw 
to  be  cut,  and  the  thickness  of  the  die  may  be  1^  times  the 
diameter  of  the  screw. 

ADJUSTABLE  DIES. 
While  round  dies  for  screw  machine  work  may  be  made  solid 
for  rougliing  out  a  thread  that  is  to  be  finished  by  another  die,  the  ^ 
finish  die  should  be  made  adjustable  in  order  that  the  desired  size 
may  be  obtained.  When  making  adjustable  dies  the  same  general 
instructions  may  be  followed  that  are  given  for  making  solid  dies, 
except  that  some  [)rovision  must  be  made  for  adjustment.  This 
is  done  by  splitting  the  dies  at  one  side  as  shown  at  A  in  Fig.  114. 
In  order  that  the  die  may  not  spring  out  of  shape  in  hardening, 
it  is  advisable  to  cut  the  slot  from  the  center  of  the  die,  leaving 
a  thin  margin  as  shown  at  A,  Fig.  115  ;  after  the  die  is  hardened 
this  may  be  cut  away  with  a  beveled  emery  wheel.  If  the  thick- 
ness at  B  is  too  great  to  allow  the  die  to  close  readily  when  ad- 


TOOL    MAKING. 


juateil  to  size,  the  hole  shown  may  he  drilled  and  conuected  with 
the  clearance  hole  hy  means  of  a  saw  cut. 

If  many  round  dies  of  the  same  diameter  are  to  be  made  it  is 
economical  to  have  a  holder  with  a  shank  which  fits  the  hole  in 
the  spindle  of  the  lathe;  the  opposite  end   should  be  made  to 


ng.  114. 
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receive  the  die  blanks  which  should  be  turned  to  fit  the  die  holder 
in  the  screw  machine.  Fig.  116  shows  the  holder  to  be  used  in 
the  lathe.  A  represents  a  die  blank  in  the  holder ;  B  is  the  shank 
which  flts  in  the  spindle  of  the  lathe ;  C  is  a  recess  in  the  holder 
to  provide  for  the  projection  left  on  the  blank  when  it  is  cut  from 


Fig.  116. 

the  bar  and  also  provide  an  opening  to  receive  the  drill  and  tap 
after  they  run  through  the  die.  After  the  blank  is  placed  in  the 
holder  and  secured  in  position  by  the  screw  D,  the  outer  sur- 
face may  be  faced  smooth  and  true  with  the  circumference,  after 
which  it  may  be  reversed  and  the  opposite  side  finished  to  the 
proper  thickness.     The  die  may  now  be  drilled  and  tapped.     Be- 


80 


TOOL    MAKING. 


fore  drilling,  the  die  should  be  carefully  centered  in  the  lathe; 
to  insure  a  full  thread  in  the  die,  a  drill  a  few  thousandths  of  an 
inch  smaller  than  tap  size  should  be  used  in  drilling,  after  which 
a  reamer  of  the  proper  size  may  be  run  tlu-ough.  When  tapping 
the  thread,  it  is  advisable  to  use  two  or  three  caps  of  different 
sizes ;  the  finish  tap  should  be  the  size  of  the  desired  hole  in  the 
die,  and  should  be  of  the  form  known  as  screw  die  hob.  Where 
several  taps  are  used  in  tapping  a  die,  there  should  be  some  dif- 
ference in  the  diameter  so  that  any  inequality  in  the  shape  or 
pitch  of  the  thread  may  be  removed  by  the  larger  tap,  otherwise 
imperfect  threads  will  result.  For  instance  if  three  taps  are  to 
be  used  for  a  \  inch  die,  the  first  tap  may  be  .230  inch  diameter; 
the  second  .240  inch  diameter,  and  the  finish  tap  .250  inch  diam- 
eter if  the  die  is  to  be  solid.     If  it  is  to  be  an  adjustable  die,  the 


Fig.  117. 


Fig.  118. 


finish  tiip  should  be  .253  inch  diameter  in  order  to  furnish  clear- 
ance to  the  lands  when  it  is  closed  to  .250  inch. 

Dies  should  be  heated  very  slowly  for  hardening,  either  in  a 
muffler  furnace,  or  in  some  receptacle  to  protect  it  from  the  action 
of  the  fire.  Wlien  the  die  is  heated  to  a  uniform  low  red  it  may 
be  immersed  in  a  bath  of  lukewarm  brine  and  worked  back  and 
forth  to  insure  liardening  the  threads.  The  tamper  should  be 
drawn  to  a  full  straw  color.  If  it  is  an  adjustable  die  the  portion 
marked  B,  Fig.  115,  sliould  be  drawn  to  a  blue  color  in  order 
that  it  may  spring  without  breaking;  this  may  he  done  by  placing 
this  portion  of  tlie  die  on  a  red  hot  iron  plate,  or  the.  jaws  of  a 
heavy  pair  of  tongs  may  be  heated  red  hot,  the  die  may  be  grasped 
in  the  tongs  and  held  until  tlie  desired  color  appears.  Do  not 
allow  the  blue  color  to  extend  to  the  threads  or  they  will  be  too  soft. 
When  the  desired  color  has  been  obtained  the  die  may  be  dropped 
into  oil  to  prevent  drawing  the  temper  more  than  is  desired. 
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Spring  5crew-threading  Dies.  This  form  of  die  is  adjusted 
by  means  of  the  clamp  collar  shown  in  Fig.  117 ;  the  die  is  shown 
in  Fig.  118.  In  some  shops  it  is  the  only  form  of  screw-threading 
die  used  for  screw  machine  work.  When  so  used  it  should  be 
fitted  to  one  of  the  holders  on  hand^  provided  there  be  one  of 
the  proper  size. 

Average  proportions  of  spring  dies  are  given  in  the  following 
table;  these  sizes  are  used  by  a  manufacturing  concern  using  a 
great  many  screw-threading  dies  of  this  description.  It  is  not 
necessary  to  follow  the  proportions  given,  as  they  are  intended 
only  as  a  guide,  and  may  be  changed  to  suit  circumstances.  All 
dimensions  are  in  inches. 

5PRINQ  SCRBW-THRBADINQ  DIBS. 


Size  of  Screw. 

OaUid.  Diameter. 

Length. 

ito    i 

i 

H 

i  to     f 

t 

n 

f  to    i 

1 

2 

i  to     f 

li 

H 

%  to  1 

If 

H 

1     to  li 

2 

3 

li  to  H 

H 

H 

H  to  2 

H 

4 

For  uniform  and  well-finished  threads,  two  dies  should  be 
used,  one  for  roughing,  and  one  for  finishing. 

Where  many  dies  of  a  size  are  made  it  is  best  to  have  a 
holder  with  a  shank  fitting  the  center  hole  of  some  lathe.  The 
stock  can  be  machined  to  size  and  cut  to  length.  The  clearance 
hole  in  the  back  of  the  die  should  be  first  drilled  somewhat  larger 
than  the  diameter  of  the  screw  to  be  cut.  For  dies  up  to  and  in- 
cluding ^  inch  the  clearance  holes  should  be  ^  inch  large ;  for 
dies  1^  to  ^  inch  it  should  be  ^^  inch  large ;  for  dies  ^  inch  and 
over,  it  should  be  from  r^  to  ^  inch  large.  After  drilling  the 
clearance  hole,  the  die  should  be  reversed  in  the  holder,  and  drilled 
and  tapped  the  same  as  a  round  die,  using  a  hob  to  finish  the 
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thiviiils  to  si/A'.  For  ^^iieral  work,  tlie  die  eliould  have  four  cut- 
ting edgea  making  the  lands  about  one-eixteeath  die  circumfer- 
ence of  the  sci-ew  to  be  cut.  Chamfer  about  three  threads.  The 
length  of  tbe  threaded  portion  of  the  die  should  not  exceed  one 
and  one-quarter  times  the  diameter  of  the  screw  to  be  cut  To 
produce  the  cutting  edges,  use  a  45"  double  angle  milling  cutter 
siiown  in  Fig.  119 ;  this  cutter  should  be  of  sufficiently  large 
diameter  to  produce  a  cut  as  shown  in  Fig.  120. 

The  chamferred  edges  should  be  relieved  and  the  cutting 
I  finished  with  a  fine  file.  Stamp  tbe  size  and  number  of 
threads  on  the  back  end  of  tbe 
die  as  shown  in  Fig.  120  and 
then  harden.  The  die  should 
be  heated  in  a  tube  and  hard- 
ened in  a  jet  of  water  coming 
up  from  the  bottom  of  a  tank 
in  order  that  the  water  may 
enter  the  threaded  portion.  It 
should  be  hardened  a  little  far- 
ther up  than  the  length  of  the 
thread,  moving  up  and  down  in 
the  bath  to  prevent  a  water 
line ;  the  temper  should  be 
drawn  to  a  full  straw  color. 
U  here  njiiiiy  clamp  collars  are  used,  castings  of  malleable 
iron  or  gun  metal  may  lie  made  from  a  pattern ;  the  hole  should 
be  cored  lo  within  ,^5  inch  of  finish  size.  The  hole  may  then  be 
drilled  and  reamed.  When  the  screw  hole  has  been  drilled  and 
t'ip[)cd  and  the  collar  split,  it  is  ready  to  use.  If  the  surfaces  are 
finished  it  adds  very  materially  to  the  cost. 

Die  holders.  When  cutting  threads  in  screw  machines  and 
turfet  lathes,  dies  aie  held  in  die  holdei-s  which  are  constructed  in 
two  piirts  as  shown  in  Fig.  121.  The  shank  A  fits  the  hole  in 
the  turret,  while  the  die  holder  B  has  a  stem  that  fits  the  bole 
in  the  shank.  While  the  die  is  cutting,  the  pins  D  and  C  are  en- 
gaged, thus  preventing  the  holder  B  from  turning.  When  the 
turret  slide  of  the  screw  machint-  has  traveled  to  its  limit,  the 
holder  is  drawn  out  of  the  shank  until  the    machine  is  reversed 
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when  the  pins  engage  on  their  opposite  sides.  A  pin  is  pub 
through  the  stem  of  the  holder  at  £  ;  this  strikes  the  end  of  shank 
just  at  the  time  the  pins  D  and  C  become  disengaged. 

Both  shank  and  body  niny  be  innde  of  machinery  steel  >  the 
shank  may  be  finished  to  size  except  tlie  portion  marked  A,  which 
should  he  left  .010  inch  large  for  grinding.  The  front  end  of  the 
hole  should  be  rounded  as  shown  in  Fig.  121,  to  allow  the  fillet 
in  the  shoulder  of  the  stem  to  enter.  This  fillet  is  left  for  strength. 
The  pin  hole  should  be  drilled  and  reamed.  When  the  holders 
are  to  take  dies  not  over  ^  inch  in  size,  this  pin  hole  may  be  -^^ 
inch  diameter ;  from  |  to  ^j  in  size,  |  inch  diameter.     As  the  dies 


iif.  m. 


inerease  in  size  the  pin  must  increase  proportionately.  The  shank 
may  be  case-hardened  in  a  mixture  of  granulated  charred  leather 
and  charcoal ;  it  should  run  about  two  houis  and  then  be  dipped 
in  a  bath  of  oil.  The  hole  should  be  lapped  straight  and  true. 
The  outside  ground  to  fit  the  hole  in  the  turret.  The  pin  C 
dionld  be  of  tool  steel  hardened  and  drawn  to  a  blue  color,  and 
forced  into  place. 

The  holder  B  may  be  made  from  a  forging,  or  turned  from  a 
•oUd  [nece.  After  roughing  to  size  somewhat  lai^er  than  finish, 
4m  Item  may  be  turned  and  fitted  to  the  hole  in  the  shank;  it 
I  tain  frtely  in  the  shank.  The  lai^er  portion  (or  body) 
1  now  be  turned  to  size.  This  should  be  run  in  the  steady 
I  Hid  the  end  drilled  and  bored  for  the  die  and  for  clearance 
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back  of  the  die  as  shown  in  Fig.  121.  Three  or  four  large  holes 
dhould  be  drilled  into  the  clearance  hole  in  order  that  the  chips 
and  oil  may  find  a  way  of  escape,  thus  preventing  injury  to  the 
threads  of  a  screw  long  enough  to  reach  through  the  die  when 
being  threaded. 

Screw  holes  should  be  drilled  and  tapped  as  shown  in  Fig. 
121 ;  the  screws  are  to  hold  the  die  in  position  in  the  holder  and 
also  to  adjust  to  size  dies  that  are  split.  The  stem  may  be  placed 
in  the  shank  and  the  pin  hole  transferred  through  the  pin  hole  in 
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the  shank  into  the  body  ;  this  should  be  done  before  the  pin  C  is 
pressed  into  place.  The  pin  D  should  be  hardened  the  same  as  C. 
The  pin  hole  for  the  pin  E  may  be  drilled  in  a  location  that 
allows  C  and  D  to  become  disengaged  and  yet  have  no  play  be- 
tween the  two 

COUNTERBORE5. 

Counterbores  are  used  for  enlarging  a  hole  without  changing 
its  relative  position.  For  a  hurry  up  job  and  for  a  small  number 
of  holes,  it  is  advisable  to  make  as  cheap  a  form  as  is  consistent 
with  the  work  to  be  done.  Probably  the  cheapest  counterbore 
that  will  do  satisfactory  work  is  the  flat  form  shown  in  Fig.  122. 
This  can  be  forged  to  require  but  little  macliine  work.  After 
forging,  turn  to  size ;  finish  the  shank  A  and  pilot  B  with  a  fine 
file  before  taking  fi-om  the  latlie.  The  cutting  edges  C  C  should 
be  faced  true  and  smooth.  The  necking  between  the  pilot  and 
the  body  should  be  cut  ^vith  a  tool  having  the  corners  slightly 
rounded  to  decrease  the  liabilitv  of  cricking^  when  the  counter- 
bore  is  hardened.  The  flat  sides  D  of  the  lx>dy  may  be  finish 
filed ;  the  edges  should  be  diaw-filed,  removing  more  stock  on  the 
back  than  on  the  onttinir  edire  to  pi^event  hinilinir.  File  the  cut- 
tinir  edires  V  V   f«>r  clearanoo.   as   shown    at    K,    Fiir.    122.      The 
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pilot  and  the  body  should  be  hard  the  entire  length  or  they  will 
wear  and  rough  up  and  consequently  cannot  cut  a  smooth  hole; 
draw  the  temper  to  a  full  straw  color.  Unless  intended  for  accu- 
rate work  it  need  not  be  ground. 

For  permanent  equipment,  counterbores  are  usually  made 
with  four  cutting  edges  as  shown  in  Fig.  123  and  Fig.  124.  Fig. 
123  representing  a  taper  shank  counterbore  for  a  taper  collect, 
while  Fig.  124  has  a  straight  shank  to  be  used  in  a  chuck,  or 
collet  having  a  straight  hole  the  size  of  the  shank. 


Fig.  123. 

Counterbores  for  screw  hole^  are  usually  made  in  sets  of  three, 
one  for  the  head  of  the  screw  with  pilot  (or  guide)  of  body  size, 
one  for  head  mth  pilot  of  tap  drill  size,  and  one  to  enlarge  a  tap 
drill  hole  to  body  size.  The  following  instructions  apply  to 
counterbores  with  either  straight  or  taper  shanks*  Take  stock 
somewhat  larger  than  finish  size  of  counterbore. 


Fig.  124. 

Turn  a  roughing  chip  all  over  the  piece ;  turn  the  necked 
portion  between  the  shank  and  body  to  size  and  stamp  size 
of  counterbore  and  pilot  as  shown  in  Fig.  124  ;  turn  sliank  C,  body 
A,  and  pilot  B  .015  to  .020  inch  above  finish  sizes,  to  allow  for 
grinding.  In  the  case  of  the  taper  shank  counterbore  shown  in 
Fig.  123  the  tennon  should  be  milled.  The  counterbore  is  now 
ready  to  have  the  grooves  milled  to  form  the  cutting  edges.  One 
method  is  to  cut  them  with  a  right-hand  spiral  of  from  10**  to  15°; 
the  other  method  is  to  cut  the  grooves  straight.  The  former  has 
he  effect  of  running  chips  back  from  the  cutting  edges  and  works 
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very  well  on  wrought  iron  and  steel,  while  the  latter  method  is 
considered  more  satisfactory  for  brass  and  cast  iron  and  also 
works  well  on  wrought  iron  and  steel.  The  catting  edges  are 
given  clearance  by  filing,  as  shown  at  A  in  Fig.  125.  If  the 
counterbore  is  to  be  used  for  brass  it  is  necessary  to  give  cleamnce 
to  the  lands  also  as  shown  at  A  A  A  A,  Fig.  126. 


Fig.  125. 


When  centering  counterbores  or  any  tools  whose  centers  are 
not  to  l)e  used  after  the  tool  is  finished,  the  drill  should  be  small 
and  the  countersinking  no  larger  than  is  necessary  for  good  results 
in  machining.  If  large  centers  should,  by  accident,  be  put  in 
the  ends,  the  one  on  the  end  to  be  hardened  should  be  filled  with 
fire  clay  moistened  with  water  to  the  consistency  of  dough,  or 
with  graphite  mixed  with  oil;  this  prevents  steam  forming  in  the 


Fig.  127. 

hole  and  crackinsf  the  tool  when  dipped  in  the  l>ath.  If  the  piece 
is  to  be  heated  in  lead,  the  filling  should  be  dried  thoroughly  before 
immersing  in  the  red-hot  lead. 

Solid  counterbores  can  be  used  with  holes  larger  than  the 
pilot  by  forcing  a  sleeve  over  it  as  shown  in  Fig.  127.  B  and  C 
are  two  views  of  the  sleeve  which  is  to  be  forced  on  to  pilot  A. 
After  hardening,  the  counterbore  may  be  gi'ound  to  size  on  the 
shank,  body  and  pilot ;  the  shank  should  be  ground  first  as  the 
length  is  greater,  and  in  the  case    of   a   counterbore    having   a 
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straight  shank  the  grinder  may  be  adjusted  to  perfect  alignment 
by  measurement. 

Two  lipped  couat«rbore8  are  sharpened  by  grinding  on  the 
flat  faces  marked  D,  Fig.  122.  Grind  a  four-lipped  counterbore 
on  the  flat  side  of  the  groove  as  D  in  Fig.  127. 

FacInK  Tool  with  inserted  Cutter.  Where  a  limited  num- 
ber of  holes  are  to  be  eounterboi-ed,  the  tool  shown  in  Fig.  128 


FlK-  128. 

may  be  made.  All  that  is  neceSiiaTy  in  making  this  tool  is  a 
piece  of  stock  A,  the  size  of  the  hole  to  be  counterbored  and 
a  piece  of  drill  rod  for  the  cutter  11 ;  this  may  be  filed  to  a  cutting 
edge,  hardened  and  driven  in  pliice.  If  accuracy  is  essential,  a 
piece  of  drill  rod  must  be  cut  off  Homewhut  longer  than  the 
diameter  of  the  required  hole ;  it  should  bo  driven  into  the  hole 
in  the  bar  leaving  an 
equal  length  on  each 
side.  It  may  be  turned 
to  the  correct  diameter 
and  filed  to  shape.  If 
several  cutters  are  to  be 
used  in  the  same  bar,  or 
if  the  tool  is  to  be  used 
as  a  facing  bar,  to  square 
a  shoulder  inside  a  piece 
of  work  as  shown  in  Fig.  ]  29,  the  cutter  B  is  removed  from  the  bar 
and  after  the  bar  is  in  place  it  is  inserted  and  held  by  set  screw  C. 
For  large  work,  a  counterbore  may  bo  made  as  shown  in 
Fig.  130,  A  being  the  cutter  bar  wliich  should  be  made  of  tool  steel 
-^  to  J  inch  larger  than  finish  size.  After  titking  a  i-ougliing 
chip,  leaving  it  a  trifle  large,  the  slot  should  be  made  to  I'eceive 
the  cutter  C.  This  is  done  by  drilling  a  series  of  holes  as  shown 
in  Fig.  131.  After  prick  punching  the  bar,  it  should  be  clamped 
to  a  drill  press  table,  holding  the  Iwr  in  n  |>air  of  V  blocks.  The 
prick  ]niiich  marks  should  be  sot  in  a  jMaitiuu  bhut  will  itisui-c  ihe 


ng.  12«. 


88 


TOOL   MAKING. 


drill  holes  going  through* the  center  of  the  bar;  this  can  be  done 
as  follows  :  place  the  square  against  one  side  of  the  bar,  measure 
to  the  center,  then  place  the  square  against  the  opposite  side  and 
measure  in  the  same  manner.  When  the  distance  is  the  same  on 
each  side  from  the  square  blade  to  tlie  centers,  the  piece  is  in  the 
proper  position  for  drilling.  The  drill  pi-ess  table  may  then  be 
swung  around  until  the  prick  punch  marks  are  in  proper  location 


Fig.  180. 

with  the  spindle  of  the  press.  After  drilling,  a  drift  may  be 
driven  through  to  break  the  walls  separating  the  holes  and  the  slot 
filed  to  size.  The  bir  should  be  placed  with  one  end  in  the 
steady  rest  and  the  other  end  stnipped  to  the  head  center  of  the 
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Fig.  l:U. 

lathe.  The  so ivw  hole  in  the  end  is  ni»\v  drilleil  and  tap|)ed  into 
the  slot  iu  onler  that  the  sen*\v  mav  bind  the  eutter.  The  end 
should  U*  evMinter^unk  to  pn^vide  a  vvnter  for  tinsh  turning.  The 
bar  may  W  tunu^l  to  si/e  at  •V  and  tlie  pilot  tini^ed  to  siie. 
The  Si*r^w  1>  should  have  a  lu\id  ^\5  iuoh  larger  th;ui  the  part  B 
iu  onler  that  it  nmy  hold  the  ;^eeve  iu  plaot\  should  it  have  a 
tendency  to  come  off  wlum  riNiioviiiji^  the  counterliorv  horn  the 
hi4e«  The  culK^C  alu^U  W%clot»  III  in  the  sliX.  A  headless 
^'^lew  abp  "  vill  iiol  interfere  with  the 

^  i«d  to  pisice  a^inunst  the 
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cutter  blank.     It  is  iatended  to  be  used  when  turning  the  cutter 
to  the  right  diameter,  and  should  be  kept  for  that  puipose. 

Counterbores  with  Inserted  Pilots  are  useful  when  the 
counterbores  need  frequent  sharpening,  or  when  a  variety  of  dif- 
ferent sized  holes  are  to  he  counteibored  to  the  same  size.     A 


Fig,  1S2. 

conunon  form  of  counterbore  having  an  inserted  pilot  is  shown  in 
Fig.  182. 

When  making  this  counterbore  the  stock  should  have  a  rough- 
ing chip  taken  oft  and  the  hole  E  drilled  i)art  way  from  the  shank 
end.  This  drilling  may  be  done  in  the  speed  lathe,  holding  the 
drill  io  a  chuck  iu  the  head  spindle  ;  the  center  in  the  opposite 
end  of  the  piece  should  be  on  the  dead  center  of  the  lathe.  If 
the  piece  is  turned  one-half  revolution 
occasionally  the  drill  will  cut  accurately 
enough,  as  perfect  alignment  is  not  neces- 
sary  in  this  hole,  since  it  is  intended  onl}' 
for  use  when  driving  out  the  pilot. 

After  drilling,  the  shank  end  should 
be  carefully  countersunk.  The  piece  may 
now  be  turned  to  grinding  size  which 
should  be  from  .015  to  .020  inch  all  over 
After  turning  the  outside,  the  hole  for  the 
pilot  may  be  drilled  and  bored,  running  the 
large  end  of  the  counterbore  in  the  steady 
KBt.  The  counterbore  should  liave  four 
catting  edges  for  all  ordinary  work  ;  these 

may  be  cut  with  a  side  milling  cutter  with  a  face  sufficii'iiLly  wide  to 
Oorer  the  width  of  tooth.  The  form  of  cutter  is  shown  in  Fij,'.  13:^, 
while  an  end  view  of  tlie  teetli  is  shown  in  Fig.  134.     When  mil- 
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ling  the  teeth,  the  counterbore  can  best  be  held  in  the  chuck  on 
the  spiral  head.  If  a  more  stubbed  form  of  tooth  is  needed  than 
the  one  shown  in  Fig.  132,  the  spiral  head  may  be  tipped  to 
the  desired  angle  and  the  cutter  fed  through  instead  of  sunk  into 
the  counterbore.  After  milling,  the  burrs  should  be  removed,  the 
counterbore  stamped  and  hardened.  While  hardening,  it  should 
be  heated  to  a  red  nearly  the  whole  length  of  body ;  when  dipped 
in  the  bath  it  should  be  inverted  in  order  that  the  teeth  may  be 
uppermost,  it  should  then  be  worked  up  and  down  rapidly  in  the 
bath  until  the  red  has  entirely  disappeared.  It  should  be  allowed 
to  remain  in  the  bath  until  cold.  If  larger  than  1  incli  diameter 
the  strain  should  be  removed  immediately  upon  taking  from  the 
Iwtth  by  heating  over  the  fire  as  already  explained.  The  pilot 
should  be  turned  as  shown  in  Fig.  135.     A  and  BB  should  be  left 


Fig.  184.  Pig.  185. 

about  .010  inch  large  for  grinding  after  haixlening ;  C  should  be 
turned  ^^  inch  smaller  than  the  hole  in  the  mill,  as  this  does  not 
bear  when  the  pilot  is  in  place.  A  slight  depression  should  be 
made  between  the  head  and  the  first  bearing  point  B  for  the  emery 
wheel  to  pass  over  when  grinding.  When  hardening,  A  is  the 
only  part  that  needs  to  be  hard,  but,  unless  a  piece  of  tube  is 
slipped  over  the  stem  B  when  the  pilot  is  put  in  the  bath  it  will 
be  almost  impossible  to  harden  A  the  entire  length  and  leave  B 
soft.  As  A  is  likely  to  rough  up  when  used  it  is  best  to  harden 
a  short  distance  on  the  stem  B,  unless  there  should  be  a  great  dif- 
ference in  size  between  A  and  B ;  in  which  case  a  tube,  or  a  piece 
of  iron  with  a  hole  drilled  in  the  end  the  size  of  B  and  having  the 
i*nd  beveled  as  shown  in  Fig.  136,  should  be  slipped  over  B  when 
the  pilot  is  heated.  This  cover  should  1h»  slippt^d  over  the  stem 
and  up  against  the  shoulder  of  the  head  to  prevent  a  water  line ; 
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if  this  jirecautioii  is  taken  there  Is  no  danger  tif  pilot  cracking 
under  the  head.  After  hardening  and  tempering,  the  pilot  may 
be  ground  to  size  at  A,  and  the  portions  B  B  ground  to  fit  the 
hole  of  the  counterbore.  After  grinding,  the  pilot  may  be  forced 
into  place.  The  counterbore  may  be  ground  with  the  pilot  in 
position.  When  dull  the  pilot  should  be  forced  out  of  the  counter- 
bore and  the  cutting  edges  ground  with  an  emery  wheel- 


Combination  Counterbores  are  made  when  it  is  necessary 
to  change  the  size  of  counterbore  and  pilot  frequently.  A  shank 
or  bar  is  made  to  accommodate  different  sizes  of  cutters,  and  sleeves 
serve  as  pilots.  In  Fig,  137,  A  is  the  cutter,  B  the  pilot  which  is 
lapped  in  the  end  to  receive  a  screw  which  holds  the  sleeves,  and 
C  the  shank  which  is  held  in  a  chuck  or  collet,  when  the  counter- 
bore is  in  use. 

After  taking  a  roughing  chip  off  the  bar,  the  end  B  is  run  in 


¥ig.  137. 

the  steady  rest  and  the  hole  for  the  screw  F  is  drilled  and  tapped. 
The  outside  end  is  counteniunk  to  a  60°  angle  to  run  on  a  center. 
When  machining  the  holder,  the  portions  B,  C,  and  D  should  be 
left  about  ,010  inch  lai^r  than  finish  size  to  allow  for  grinding. 
But  if  no  grinder  is  at  hand  it  may  be  left  a  few  thousandths  of  an 
inch  above  size,  and  tiled  to  finish  dimensions. 

The  body  (or  cutter)  A,  should  have  a  hole  ^  inch  smaller 
than  finish  size  drilled  through  it ;  the  outside  sui^ace  should  be 
turned  off,  and  the  piece  annealed.     If  a  grinder  having  an  intei^ 
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nal  grinding  attachment  is  at  hand,  the  hole  in  the  cutter  should 
l)e  left  .005  inch  small  for  grinding.  If  such  an  attachment  is  not 
at  hand  the  hole  may  be  reamed  to  finish  size.  The  outside  diam- 
eter should  be  left  about  .010  large ;  the  ends  should  be  faced  to 
length,  and  the  teeth  cut.  If  four  teeth  are  to  be  cut,  the  work 
may  be  done  with  a  side  milling  cutter  as  shown  in  Fig.  133. 
The  counterbore  should  be  held  in  a  chuck  on  the  spiral  head 


Flfr.  138. 


Fig.  140. 


spindle,  which  shouhl  be  tipped  to  produce  a  strong  tooth  as 
shown  in  Fig.  137.  l^fore  hardening,  tlie  hole  should  be  drilled 
and  tjipi>ed  for  the  si^rew  H  which  holds  the  counterbore  to  the 
biir.  To  hanleiu  the  counterbore  should  be  given  an  even,  low 
T^l  heat^  and  plungcil  in  water  or  brine  in  such  a  manner  that  the 
bath  will  ivme  in  contiict  with  the  teeth.     If  the  teeth  are  stabbed 


Fti:.  is». 
aikI  s:riM\5:r  the  ttMujvr  ne^l  uv^t  K*  dmwn  more  tlian  to  a  ligfc 

I  i.o  soxvw  H  slu^uld  W  uvude  of  to^l  ste^l  having  a  proje 
tix^x  i  inoh  Iv^nc  *^u  vnxe  etui  turthnl  to  the  U^nom  of  the  thres' 
thi*  i>  u^  enter  a  hx^Ie  drilltxi  in  ih^  K^r  v>r  holder^  and  keep  t 
oiHUUi^rlvuv  frvHH  twrt\ii^.     *l^  ^kI  \>f  the  scn*w  should  be  ab» 
.(^V^  iiK^h  ^umUWc  ihan  lh»  hn^    TW  ^s^'^i^w  $hooM  be  haidef 
ami  dvnwii  %>  %  V*      •'^^WK    Tlii%  ^Ae^v^  iiniMded  to  go  on 
pilB#  lnMiiimiil  aad  mrv^oiid  to 
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and  ca8e-bardened  sufficiently  deep  by  heating  to  a  red  and 
sprinkling  with  powdered  cyanide  of  potassium,  after  which  it  is 
reheated  and  plunged  in  water. 

HOLLOW   MILL5. 

Hollow  mills  are  used  in  screw  machines  and  turret  lathes 
for  roughing  down  and  finishing.  They  are  also  used  in  drill 
press  work  in  finishing  a  projection  which  must  be  in  some  given 
position ;  when  thus  used  they  are  generally  guided  by  a  bushing 
in  a  fixture,  to  bring  the  projection  in  the  proper  location. 

For  roughing  out  work  on  a  screw  machine  or  turret  lathe, 
solid  mills  having  strong  stubbed  teeth  are  preferred  for  rigidity. 
For  finishing  they  are  made  adjustable  in  order  to  get  exact  sizes. 
Fig.  138  shows  a  solid  hollow  mill  having  the  cutting  end  hoi- 
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Fig.  141. 

lowed  out  in  the  form  of  a  V,  in  order  tliat  it  may  center  itself 
when  starting  to  cut.  Fig.  139  shows  a  form  of  solid  hollow  miii 
intended  for  use  in  squaring  up  a  shoulder  at  the  end  of  a  cut 
that  has  been  made  with  a  mill  of  the  form  shown  in  Fig.  138,  or 
it  may  be  used  for  roughing  out  a  piece ;  however,  it  will  not 
center  itself  as  readily  as  the  one  shown  in  Fig.  138. 

For  small  hollow  mills  some  tool  makei*s  advocate  three  cutting 
teeth,  while  others  claim  better  results  with  four  teeth  on  all  sizes. 

The  rear  of  the  mill  is  bored  somewhat  larger  than  the  cut- 
ting end,  to  allow  it  to  clear  on  long  cuts.  The  cutting  end 
must  be  relieved  or  it  will  bind  and  rough  the  work,  and  probably 
twist  it  off  in  the  mill.  There  are  several  methods  of  relieving 
mills ;  the  more  common  one  is  to  ream  the  hole  tapering,  making 
it  larger  at  the  back  end,  as  shown  in  Fig.  140.  Another  method 
is  to  file  back  of  the  edges,  as  shown  in  Fig.  141. 

For  making  hollow  mills  having  the  same  outride  diameter, 
it  is  advisable  to  use  a  holder  of  the  form  shown  in  Fig«  142, 
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having  a  taper  shank  which  fits  the  spindle  of  a  lathe.  The  hole 
in  the  other  end  of  the  holder  should  be  the  size  of  the  holder  in 
the  screw  machine  or  tuiTCt  lathe,  which  holds  the  mills  when  in 
use.  The  steel  for  the  hollow  mills  should  be  cut  to  length  and 
turned  to  the  proper  diameter  to  fit  the  holder.  After  putting 
the  blank  in  the  holder,  the  ends  may  be  squared  and  the  holes 
drilled  and  bored  to  the  desired  sizes.  If  the  mill  is  to  be  of  the 
form  shown  in  Figs.  138,  139  iuul  140,  the  cutting  end  may  be 
reamed  with  a  taper  reamer  to  give  the  necessary  cleanuice.  The 
reamer  should  be  run  in  from  the  back  end  in  order  that  this  end 
of  the  hole  be  larger.  For  the  form  shown  in  Fig.  141,  the  hole 
at  the  cutting  end  should  be  straight  and  to  finish  size. 

The  mill  is  now  ready  for  cutting  the  teeth.     If  four  cutting 
edges  are  to  be  given,  a  side  milling  cutter  may  lie  used  of  a 


Fig.  142. 

diameter  about  double  the  diameter  of  the  liollow  mill  to  be  cut. 
The  blank  should  be  held  in  a  chuck  on  the  end  of  the  spindle  in 
the  spiral  head.  For  a  strong  tooth,  the  spiral  head  may  be  set  at 
an  angle  that  will  produce  a  tooth  as  shown  in  Fig.  143,  by  feed- 
ing the  milling  cutter  through  the  bhuik.  If  a  deeper  tooth  is 
desired,  the  spiral  head  may  be  set  so  that  the  blank  will  be  in  a 
vertical  position,  and  the  milling  cutter  fed  in  until  the  desired 
foi-m  and  depth  of  tooth  is  obtained. 

An  Adjustable  Hollow  Mill  may  be  made  by  following  the 
instructions  given  for  solid  hollow  mills,  except  that  the  mill  must 
be  split  as  shown  in  Fig.  144,  in  order  that  the  size  of  hole  in  the 
mill  may  be  altered.  There  are  two  methods  of  adjusting  the 
mill :  the  outside  of  the  cutting  end  of  the  mill  is  tapered,  and  a 
collar  having  a  corresponding  taper  hole  is  forced  on  the  mill. 
The  collar  closes  it,  and  causes  it  to  cut  smaller.  The  other 
method  is  to  turn  the  outside  of  the  hollow  mill  straight,  and 
close  by  means  of  the  clamp  collar  shown  in  Fig.  145.     As  jidjust- 
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able  hollow  mills  are  generally  used  for  finishing  cuts,  and  are  not 
used  when  taking  heavy  cuts,  the  teeth  may  be  made  finer  than 
those  of  solid  mills  used  for  roughing.  The  teeth  being  nearer 
together  will  finish  a  cylindrical  piece  more  accurately  than  if  the 
teeth  were  cut  faither  apart.  It  is  customary  to  give  adjustable 
hollow  mills  to  be  used  for  finishing  from  six  to  eight  teeth.  The 
cutting  edges  should  be  cut  radial  for  most  work.     Better  results 


Fi^.  146. 


Fig.  143.  Fig.  144. 

will  be  obtained  if  the  hole  in  the  cutting  end  of  the  mill  is  left 
.006  inch  small,  and  ground  to  size  after  the  mill  is  hardened. 

The  hollow  mill,  whether  it  be  solid  or  adjustable,  should  be 
hai*dened  a  trifle  farther  up  than  the  length  of  the  teeth,  and 
drawn  to  a  straw  color.  The  mill  is  sharpened 
by  grinding  on  the  ends  of  the  teeth. 

Hollow  Mill  with  Inserted  Blades.  For 
large  work,  hollow  mills  are  made  having 
inserted  blades.  The  hollow  mill  with  re- 
movable blades,  shown  in  Fig.  146,  does 
good  service  on  rough  work;  the  blades 
may  be  made  of  self  hardening  steel  and  inserted  in  a  machine 
steel  body.  The  grooves  in  the  body  to  receive  the  blades 
should  be  milled  with  a  cutter  whose  thickness  corresponds  to 
the  size  of  the  steel  to  be  used  for  the  blades.  The  grooves  are 
cut  somewhat  deeper  at  the  front  end  of  the  holder  in  order  that 
the  blades  may  have  clearance  to  prevent  binding.  The  edge  of  the 
slot  corresponding  to  the  cutting  edge  of  the  blade  should  be  radial. 

Two  collars  should  be  made  of  machinery  steel  having  holes 
sufficiently  large  to  allow  their  being  placed  on  the  mill  when  the 
blades  are  in  the  slots.  Each  collar  should  be  provided  with  the 
same  number  of  set  screws  as  there  are  blades  in  the  mill.  One 
collar  holds  the  blades  in  the  holder,  while  the  other  is  placed 
nearly  at  the  ends  of  the  blades  to  support  them  while  cutting.    Thi? 
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form  of  mill  ia  lued  oil  cuts  not  exceeding  one  inch  iu  length,  as  the 
blades  must  project  beyond  the  holder  to  the  desired  length  of  the  cut. 
The  size  of  cut  may  be  changed  somewhat  by  setting  the 
cutters  back  or  ahead  in  the  slots,  or  paper  may  be  placed  in  the 
sTots  under  the  blades  to  increase  the  diameter  of  the  cut.  The 
blades  aie  set  to  an  even  length  by  bringing  them  against  a  but- 
face  perpendicular  to  the  axis  of  the  body  of  the  tooL 


fl^. 
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Pig.  1«. 
Hollow  mil  with  Pilot.  It  is  often  desirable  to  mill  the  out^ 
side  of  a  pi-ojectioii  eentPiil  with  a  bole  passing  through  it.  This 
may  be  done  very  satisfactorily  with  a  hollow  mill  having  a  pilot 
w*  shown  in  Fig.  147.  It  is  advisable  to  hold  the  pilot  in  place 
by  menus  of  a  set  screw.     In  order  to  give  clearance  to  tfae  teeth  to 


prei 


Fl({.  1«. 
I'lit  the  mill  binding  when  cutting,  tlic  hole  may  be  bored  taper- 


ing. 010  iuehiii  i  inch  of  loiigtb,  making  It  largest  attlie  back  end. 
^^'hen  burdening  a  mill  of  this  description  it  is  advisable  to  dip 
it  in  the  With  with  the  cutting  end  vppermost  working  it  up  and 
down  rapidly.  After  hardening,  it  maybe  drawn  to  a  straw  color. 
The  pilot  should  Ije  tinned  .010  inch  al)ove  finish  size,  hardened, 
and  drawn  to  a  brown  color,  and  ground  to  the  desired  dimensions. 
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FORMING  TOOLS. 

Forming  tools  are  used  when  several  pieces  are  to  be  made 
of  exactly  the  same  shape.  They  are  particularly  valuable  for 
giving  the  desired  shape  to  formed  mills  and  similar  tools  and  are 
extensively  used  in  duplicating  a  given  shape  on  work  produced 
in  the  screw  machine. 

Forming  tools  are  made  flat  and  circular  in  shape.  When 
used  in  the  lathe  for  shaping  milling  machine  cutters  and  similar 
tools  they  are  generally  made  flat;  for  backing  off  formed  milling 
machine  cutters  they  are  always  made  flat ;  for  screw  machines  in 
duplicating  a  given  shape  tliey  are  made  both  flat  and  circular. 


r 


J 
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Fig.  148. 

The  flat  forming  tool  is  made  as  a  solid  cutter,  the  tool  and 
shank  being  in  one  piece  as  shown  in  Fig.  148,  or  the  cutter  and 
shank  may  be  made  separate  as  shown  in  Fig.  149.  When  but 
one  forming  tool  is  to  be  made,  that  shown  in  Fig.  148  will  be 
found  to  be  inexpensive ;  but  for  making  many  tools,  it  will  be 
found  much  cheaper  to  adopt  the  plan  shown  in  Fig.  149. 

On  certain  classes  of  work  it  is  advisable  to  use  a  forming 
tool  on  a  holder  of  the  description  shown  in  Fig.  150,  which  is 
known  as  a  spring  holder.  On  account  of  its  design  it  may 
spring  somewhat  when  used  on  heavy  cuts,  thus  reducing  the  ten- 
dency to  chatter.  It  is  necessary  to  make  these  holdei-s  of  tool 
steel,  giving  them  a  spring  temper  at  point  marked  A.     The  slot 
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B  allows  the  forming  blade  I)  to  spring  :iway  from  the  work 
when  under  lieavy  strain.  The  blades  may  be  planed  up  in  long 
strips  and  cut  off  the  required  length.     The  tongue  £  should  fit 


Q 


d 


t.1 


^ 


the  slot  O,  which,  with  two  cap  screws  through  F  and  G,  se- 
curely holds  the  blade  in  position. 

In  order  that  a  forming  tool  may  cut  readily,  it  is  necessary 
to  give  the  surface  marked  B  a  sufficient  amount  of  clearance. 


s-A 

/ 

\ 

B 

\        \ 

\A 

K  " 

Fig.  150. 

For  tools  to  be  used  for  shaping  milling  machine  cutters  and  simi- 
lar tools,  a  clearance  of  10°  to  15°  will  be  ample;  that  is,  the 
angle  should  be  from  80°  to  75°.  But  if  the  tool  is  to  be  used 
for  backing  off  the  teeth  of  formed  milling  machine  cutters,  it  is 
necessary  to  give  a  clearance  of  18°  to  22°.     When  making  a 
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forming  tool  having  the  required  angle  at  D,  the  shape  can   be 

produced  by  tipping  the  blank  to  the  required  angle  and  planing 

01  milling  with  a  tool  liaving  exactly  the  Bhape  it  b  desired  to 

produce.     The  tool  used  may  be  made  of  a  shape  enough  difer- 

eat  from  that  desired  tliat  it  may  produce  the  pniper  shape  when 

r^m^^^  -.  the   cutter   is   in    a    vertical 

I       I  \        \,  position,  and  the  blank  at  a 

II  \        \  given  angle  from  that  position 

l—J  \       \  as  shown  in  Fig.   151,     Or, 

\^^  Y^i^'  the  tool  may  be  held  in  the 

\      \  \      A         tool  post  (or  in  a  fixture  made 

\^  \  \       \       tor  the  purpose)  of  the  shaper 

_  — ' — ^      or  planer  at  the  same  angle 

FiK.  HI.  Fl|t.  1B8.  ^L      VI      1.    V  •  ^ 

as   the   blank   being   cut,  as 

shown  in  Fig.  152,  and  it  will 
produce  a  shape  corresponding  very  closely  with  its  own. 

For  screw  machine  and  similar  work  for  duplicating  given 
shapes,  a  forming  tool  is  made  of  the  shape  shown  in  Fig.  158.  A 
represents  a  holder  used  by  the  Brown  &  Sharpe  Mfg.  Co.  for  use 
on  their  screw  machines.  B  shows  the  forming  tool  blank.  The 
desired  shape  is  out  in  the  uurface  marked  C. 


Fig.  ibt- 


Clrcolar  Forming  Tools  are  used  very  extensively  on  screw- 
machine  and  similar  work.  Tliey  are  valuable  on  account  of  the 
eac^e  with  which  any  number  of  them  may  be  produced,  provided 
a  forming  tool  is  uued  in  pi-oduciug  the  shape  on   tUe   face  att 
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shown  in  Fig.  154.  After  the  blank  has  been  formed  to  the 
desired  shape,  it  may  be  milled  as  shown  in  Fig.  155  in  order  to 
provide  a  cutting  edge.  If  it  is  desired  to  produce  a  shape  on 
the  piece  being  machined  to  correspond  with  the  shape  of  tool,  it 
is  necessary  to  have  the  cutting  edge  radial  as  shown  in  Fig.  155. 
In  order  to  feed  the  tool  into  the  stock  faster  than  can  be  done 
with  the  form  shown  in  Fig.  155,  it  is  given  more  clearance  as 
shown  in  Fig  156.  On  a  tool  whose  cutting  edge  is  not  radial 
and  will  not  produce  a  shape  corresponding  to  its  own,  it  is 
necessary  when  cutting  the  edge  with  the  rake  shown  in  Fig.  156, 
to  make  the  face  of  the  tool  slightly  different  in  form  from  that 
desired. 


Ilg.  154. 

After  milling  the  cutting  edge,  the  name  or  number  of  the 
tool  may  be  stamped  on  it,  after  which  it  is  ready  for  hardening. 
When  extremely  high  carbon  steel  is  used,  the  tools  sometimes 
crack  while  hardening  from  the  strain  incident  to  their  shape. 
In  order  to  overcome  this  tendency,  some  tool  makers  make  two 
extra  cuts  in  the  edge  as  shown  in  Fig.  157,  in  order  that  the 
hardened  edges  may  not  be  cracked  from  the  contraction.  Two 
cutting  edges,  as  shown  in  Fig.  158  are  often  given  tools  in  order 
that  it  may  not  need  to  be  ground  as  often  as  when  it  has  but  one 
cutting  edge.  It  is  not  necessary  to  stop  the  screw  machine 
nearly  as  long  to  grind  both  cutting  edges,  as  to  stop  the  machine 
twice  to  grind  the  same  edge  on  account  of  the  time  necessar}'  to 
rig  up  the  grinder. 

When  hardening,  the  tool  should  be  heated  to  a  low  red  and 
plunged  in  a  bath  of  water  or  brine  from  which  the  chill  has 
been  removed ;  it  should  be  worked  around  well  in  the  bath.     If 
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the  temper  is  not  to  be  drawn  after  hardening,  the  tool  may  be 
held  over  the  fire  after  removing  from  the  bath  and  heated  suffi- 
ciently to  remove  the  tendency  to  crack  from  internal  strains. 

On  account  of  some  weak  projection,  which,  because  of  its 


Fig.  155. 


Fig.  156. 


shape  is  likely  to  break  when  used,  it  is  sometimes  necessary  to 
draw  the  temper.  It  is  not  always  necessary  to  draw  the  temper 
to  a  straw  color,  and  as  a  light  straw  is  the  first  temper  color 
visible,  some  other  means  must  be  employed.  The  tool  may  be 
placed   in  a  kettle  of  oil,  and  by  means  of  a  thermometer  any 


Fig.   157. 


Fig.  158. 


degree  of  heat  may  be  obtained.  The  writer  recalls  a  certain 
forming  tool  which  was  too  brittle  when  left  as  it  came  from  the 
hardening  bath,  yet  was  not  hard  enough  when  drawn  to  even  the 
faintest  straw  color.  When  taken  from  the  hardening  bath,  it 
was  placed  in*a  kettle  of  boiling  water  and  left  there  about  five 
minutes.     The  heat  of  the  water  at  212°  reduced  the  brittleness 
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)iri  tlial  the  tool  nt^iod  up  in  a  good  shape,  yet  it  dii)  not  percep- 
tibly Hoften  it. 

The  followinff  is  an  excellent  plan  :  Use  a  bath  of  water 
having  about  one  inch  of  oil  on  top;  the  tool  after  being  heated 
red  bot  is  plunged  down  through  the  oil  into  the  water.  Enough 
oil  adheres  to  prevent  the  sudden  shock  which  the  steel  received 
when  plunged  into  the  cold  bath. 

'*  Pack  Hardening"  also  gives  excellent  results. 


Tool  Holders.  The  form  of  the  holder  for  the  tool  depends 
on  the  class  of  work  to  be  done  and  the  machine  in  which  it  is  to 
be  used.  Fig.  159  shows  a  design  commonly  used  for  hand 
screw  machine  work.  If  the  cuts  are  comparatively  light,  the 
aide  of  the  tool  and  holder  may 
be  flat    as   shown.      If,  however, 

1  heavy  cuts  are  taken  which  would 
have  a  tendency  to  turn  the  tool, 
it  is  often  made  with  a  taper  pro- 
jection on  one  side  as  shown  in 
Fig.  160,  the  holder  having  a  cor- 
^^  mepondrng   taper   hole  to  receive 

the  projection.     This  projection 
,  fit  in  the  taper  hole,  but  should  not  go  in  far 
>  sti-ike  the  bottom,  neither  shoald  the  side  of  the  tool 
r  against  the  side  of  the  holdar. 
When  used  in 
ally  of  a  di" 


ii 


.ugh 


bolder  ii  gaiuT- 


TOOL    MAKING. 


108 


A  very  common  form  is  uhown  in  Fig.  161.  ThiH  holder  is  made 
in  the  fonn  of  an  angle  iron.  The  fixture  (holder)  is  fastened  to 
the  tool  rest  by  means  of  the  bolt  shown.  The  tool  is  fastened  to 
the  npright  side  of  the  holder  by  means  of  the  bolt  represented 
with  its  head  let  into  the  forming  tool. 


When  extra  heavy  cute  are  to  be  taken  with  a  forming  tool, 
it  is  sometimes  considered  advisable  to  make  a  holder  of  the  form 
shown  in  Fig.  162.  The  holder  is  bolted  to  the  tool  rest  in  the 
same  manner  ae  the  one  represented  in  Fig.  161.  A  square 
thread  having  a  pitch  of  five  or  six 
threads  to  the  inch  is  cut  in  the  forming 
tool;  the  thread  should  be  right  or  left 
hand  depending  on  which   side  of  the  p]-,  jgg 

machine  the  tool  is  to  be  loc  ited  when 

in  use,  the  thread  being  sucli  that  the  tool  will  tighten  by  the 
pressure  exerted  by  the  cut.  To  get  an  adjustment,  the  thread  in 
the  holder  must  be  of  a  finer  pitL-h  than  that  in  the  forming  tool 
and  of  the  same  hand.  If  desired,  this  tool  may  be  used  in  the 
ordinary  form  of  holder  shown  in  Fig.  161  by  use  of  the  bolt 
shown  in  Fig.  16  S. 


MILLINQ  CUTTERS. 

Milling  machine  cutters  are  made  in   two  different  forms: 
d  and  with  inserted  teetli.     It  is  customary  in  moat  shops  to 
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make  cutters  up  to  6  or  8  inches  in  diameter  solid,  and  aboTe  this 
size  they  are  made  with  inserted  teeth. 

50LID  CUTTBRS. 

When  making  solid  cutters  it  is  advisable  to  use  steel  some- 
what larger  than  the  finish  diameter  of  the  cutter.  A  hole  should 
be  drilled  in  the  blank  ^^  inch  smaller  than  the  finish  size  of 
hole  and  the  outside  surface  should  be  turned  off.  After  anneal- 
ing, it  should  be  put  in  the  chuck  on  the  lathe,  the  hole  bored 
and  reamed  to  size  and  the  hole  recessed  as  shown  at  C  in  the 
sectional  view  of  Fig.  164. 

The  piece  should  now  be  placed  on  the  mandrel,  and  turned 
to  the  proper  diameter  and  length.  The  teeth  should  be  cut  in 
the  universal  milling  machine,  or  in  a  milling  machine  provided 
with  a  pair  of  index  centers.  The  number  of  cutting  edges  for 
solid  milling  cutters  varies  somewhat  according  to  the  nature  of 
the  work  to  be  done,  but  for  general  shop  use  the  following  table 
will  be  found  satisfactory. 

CUTTINQ  EDOBS  FOR  MILLING  CUTTERS. 


Diameter  of 

No.  of 

Diameter  of 

No.  of 

Cutter. 

Cutting  Edges. 

Cutter. 

Catting  Edges. 

K 

6 

2% 

20 

H 

8 

3 

24 

1 

10  or  12 

3m; 

26 

IX 

14 

4 

28 

1^ 

16 

6 

30 

2 

18 

6 

82 

For  most  work  it  is  desirable  to  have  the  faces  of  the  teeth 
radial  as  shown  in  Fig.  164.  However,  when  milling  cutters  are 
made  to  run  in  the  direction  of  the  feed  or  onto  the  work  instead 
of  against  it,  the  teeth  should  be  given  a  negative  rake  (cut 
ahead  of  the  center)  as  shown  in  Fig.  165,  as  it  has  a  tendency  to 
keep  the  piece  being  milled  from  drawing  toward  the  cutters. 

When  cutting  the  teeth,  it  is  necessary  to  use  a  cutter  that 
gives  suflicient  depth  of  tooth  to  provide  a  receptacle  for  chips, 
luul  also  gives  ii  form  that  supports  the  cutting  edges.  A  cutter 
may  l)e  used  that  will  produce  an  angle  of  about  60°  between  the 
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&0S  and  back  of  the  tooth  as  Bhowii  ut  A  in  Fig.  164.  The  cutr 
ter  should  out  deep  enough  to  leave  the  lands  about  ^^  inch  in 
width  at  the  cutting  edges. 

The  form  of  cutter  shown  iu  Fig.  164  is  known  as  a  Side 


Fig.  164. 


Hilling  Cutter.  When  cutting  the  teeth  on  the  sides,  it  is  neces- 
sary to  put  the  cutter  on  a  plug  whose  upper  end  does  not  pro- 
ject  much  above  the  top  face  of  the  cutter;  this  plug  may  be 
made  straight  and  held  in  the 
chuck  on  the  end  of  spindle 
in  the  spiral  head.  Such  a 
plug  is  shown  in  Fig.  166 
inserted  in  the  cutter.  If 
many  cutters  are  made  with 
teeth  on  the  sides,  it  is  ad- 
visable to  make  an  expanding 
arbor,  Fig.  167,  whose  shank 
fits  the  taper  hole  in  the  spin- 
dle of  the  spiral  head.  When 
milling  the  teeth  on  the  sides, 
tiie  index  head  must  be  in- 
clined a  little  so  that  the  side 
of  the  mill  will  stand  at  a  small  angle  from  the  horizontal  in 
order  that  the  lands  of  the  teeth  may  be  of  equal  width  at  each 
end.     The  amount  of  thiu  iiiclimition  ciiunot  readily  be  computed. 


Fig.  1S6. 
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It  is  formed  by  first  cuttdi^  a  tooth  leaving  the  cot  somewhat 
shallow,  then  turning  to  the  next  tooth.  After  cutting  the  second 
tooth,  the  change  in  inclination  will  be  apparent. 

When  the  teeth  are  cut  and  the  burrs  removed,  the  diameter 
and  length  of  the  cutters  may  be  stamped  as  shown  in  Fig.  164. 
The  cutter  is  now  ready  for  hardening.  To  succeasfully  harden, 
it  is  necessary  to  hnve  a  lov\  uniform  red  heat ;  the  teeth  must  he 
no  hotter  tJutn  the  portion 
between  the  hole  and  the 
bottom  of  the  teeth.  When 
held  toward  the  light  there 
should  be  no  trace  of  black  in 
the  interior  of  the  cutter. 
When  a  aniform  heat  no 
higher  than  is  necessary  to 
harden  the  steel  has  been 
obtained,  the  cntter  may  be 
plunged  into  brine  from  which 
the  chill  has  been  removed; 
it  should  be  worked  around  rapidly  in  the  bwth  until  the  singing 
has  ceased.  It  shoulil  then  be  removed  from  the  brine  and  im- 
mediately plung»?d  into  oil  and  allowed  to  remain  there  until  cold. 
When  cold,  the  cutter  may  be  taken  from  the  oil  and  heated 
sufficiently  to  prevt-iit  otaoking  fn^m  internal  stnuns.  The  cutter 
luay  now  be  brighl«?u<»l  Mxd  the  temper  drawn  to  a  straw  color. 


■ 
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is  an  unusual  occurrence,  it  tometimet  happens,  and  as  a  conse- 
quence the  cutter  does  not  fit  the  milling  machine  arbor  and  can- 
not do  as  good  or  as  much  work  as  it  should. 

On  account  of  the  necessity  of  having  a  correct  St  on  the 
milling  machine  arbor,  it  is  advisable  to  ream  the  hole  of  the  cut- 
ter with  a  reamer  about  .005  inch  under  the  size  of  the  arbor  and 
finish  by  grinding  after  the  cutter  is  hardened. 

When  grinding  the  hole  to  size,  the  cutter  may  be  held  in  a 
chuck  and  ground  with  a  small  emery  wheel,  using  the  internal 
grinding  attachment  as  shown  in  Fig.  168.     This  attachment  is 


80  designed  thiit  it  may  be  swung  nut  of  the  way  when  gauging 
the  size  of  the  hole  as  shown  in  Fig.  169.  After  grinding  the 
hole  to  size  it  ia  advisable  to  grind  the  shoulders  on  each  side  of 
the  cutter  straight  and  true  with  the  hole  in  order  to  prevent  any 
possibility  of  springing  the  milling  machine  arbor  by  any  untruth 
on  the  part  of  the  cutter,  and  to  prevent  any  possibility  of  the 
cutter  running  out  of  true.  The  shoulder  (or  boas)  referred  to  is 
shown  in  A,  Fig.  164. 

There  are  two  methods  of  grinding  the  shoulders.     By  one 
method  the  outer  shoulder  and  the  hole  are  ground  at  the  ^ame 
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setting ;  if  this  ia  done  properly  this  shoulder  will  be  true  with 
the  hole.  The  chuck  is  now  removed  from  the  grinder  and  a 
face  plate  having  an  expanding  plug  is  put  in  its  place.  The 
shoulder  that  has  been  ground  is  placed  against  the  face  plate 
with  the  expanding  plug  in  the  hole  of  the  cutter.  The  outer 
shoulder  may  be  ground  after  the  plug  is  expanded  until  tlie  cut- 
ter is  held  rigidly  in  place  against  the  face  plate  which  should  run 
perfectly  true. 

By  the  other  method  both  shoulders  are  ground  while  on  an 


arbor  which  is  necked  down  each  side  of  the  cutter  as  shown  in 
Fig.  170.  This  necking  allows  the  wheel  to  traverse  the  whole 
length  of  the  shouliler  and  not  cut  into  the  arbor,  as  would  be  the 
case  if  an  ordinary  mandrel  were  used. 

Grinding.  In  order  to  get  the  best  results  from  a  milling 
cutter  it  is  necessary  to  use  some  form  of  grinder  having  a  means 
of  properly  loc.itiTig  each  tooth  as  it  is  presented  to  the  wheel. 
This  ia  usually  accomplished  by  a  finger  which  may  be  adjuated 
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to  the  proper  height  to  produce  the  required  amount  of  clearance. 
The  teeth  may  be  given  a  clearance  of  about  8°  as  shown  at  B, 
Fig,  164.  With  this  amount  of  clearance  the  cutter  worka  freely 
and  retains  its  edge;   if  more  clearance  is  given  the  cutter  is 
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likely  to  chatter,  and  the  edges  of  the  teeth  will  become  dull 
lupidly. 

Fig.  ni  shows  a  cutter  in  position  for  grinding  the  teeth;  it 
will  readily  be  seen  that  the  tooth  being  ground  rests  on  the  finger 
or  tooth  rest ;  this  finger  may  be  adjusted  to  give  any  desired 
amount  of  clearance  to  the  tooth.  For  grinding  the  teeth  on  the 
aide  of  a  milling  cutter,  a  small  emery  wheel  may  be  used  in 
order  to  get  the  necessary  amount 
of  clearance  without  touching  the 
tooth  next  to  the  one  being  ground. 

If  a  grinder  is  used  which  will 
take  a  cup  wheel  as  shown  in  Fig. 
172,  and  whose  table  can  be  turned 
to  bring  the  cutter  in  the  position 
shown  in  Fig.  178,  a  form  of  clearance  is  given  the  tooth  which 
is  more  satisfactory  than  if  ground  with  a  small  wheel.  With 
the  cup  wheel  the  line  of  clearance  is  straight,  while  with  the 
small  plcun  wheel  it  is  hollowed  out,  and  as  a  consequence  the 
cutting  edge  is  weak. 

Spiral  nillins:  cutters.     It  is  customary  in  most  machine 
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shops  to  moke  all  milliDg  cutters  of  more  than  ^  inch  face  with 
teeth  cut  spirally  as  in  Fig.  174.  The  amount  of  spiral  given  the 
teetii  varies  in  different  shops  and  on  different  classes  of  work. 

The  object  of  providing  spiral  teeth  is  to  maintain  a  uniform-' 
ity  of  cutting  duty  at  each  instant  of  time.  With  teeth  parallel 
to  tlie  cutter  axis,  the  tooth  on  meeting  the  work  will  bike  the 
out  its  entire  lengdi  at  the  same  instant,  cautiing  a  jump  to  the 


Fig  ni. 

work  on  account  of  the  springing  of  the  device  holding  the  work, 
and  of  the  cutter  arbor.  If  the  teeth  are  cut  spirally,  the  cut  pro- 
ceeds gradually  along  the  whole  length  of  the  tooth,  and  after  the 
out  is  started  a  uniform  cutting  action  is  maintained,  producing 
smoother  work  and  a  truer  surface,  especially  in  the  case  of  wide 
cuts. 

Milling  cutters  may  be  out  with  either  a  right  or  left  hand 
spiral,  or  helix,  although  it  is  generally  considered  good  practice 
to  cut  a  mill  having  a  wide  face  with  a  spiral  that  will  tend  to 
force  the  cutter  arbor  into  the  spindle  nither  than  to  draw  it  out; 
then  again,  it  is  better  to  have  the  cutting  action  force  the  solid 
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shoalder  against  the  box,  rubber  than  to  draw  the  adjuatiog  nut 
against  the  box. 

Where  two  very  long  mills  are  used  on  the  same  arbor  and  it 
is  found  necessary  to  cut  them  with  a  quick  spiral,  one  cutter  is 
sometimes  cut  with  a  right  hand  spiral  and  the  other  with  a  left 
hand  spiral,  in  order  to  equalize  the  strain  and  reduce  the  friction 
resulting  from  the  shoulder  of  the  spindle  pressing  so  hard 
against  the  box. 

Special  care  should  be  taken  in  cutting  spiral  milling  catteiB 


Fig   173. 


that  die  work  does  not  slip.  When  a  cut  has  been  taken  across 
the  face  of  a  cutter  it  is  best  to  lower  the  knee  of  the  millii^ 
machine,  thus  dropping  the  work  away  from  the  mill  while  com- 
ing back  for  another  cut;  the  knee  can  then  be  raised  to  its 
proper  position  which  m»y  be  determined  by  means  of  the  gradu- 
ated collar  on  the  elevating  shaft  of  the  machine. 

As  it  is  important  that  the  face  of  the  cutting  tooth  be  radial 
and  straight,  it  will  be  found  necessary  to  use  an  angular  cutter 
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of  the  fomi  ttliown  in  Fif^.  175,  an  ciittera  of  this  form  readily 
clenr  the  radial  face  of  the  cut  and  so  remain  shsip  longer  and 
produce  a  smoother  surface  to  the  face  of  the  tooth  than  if  cat 
-with  an  angular  cutter  of  the  form  used  for  catting  teeth  which 
are  parallel  to  the  cutter  axis. 

The  angular  cutters  for  spiral  mills  are  made  with  either  40°, 
48°  or  i>3"  oji  one  siile  and  12"  on  the  other. 

By  setting  the  cutter,  as  shown  in  Fig.  175,  so  that  the  dis- 
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tancc  A  is  one  twelfth  tlio  diameter,  the  face  cut  by  the  12°  side 
of  tlio  angular  ciittt't'  will  1h^  nearly  radial  for  the  usual  pro- 
prirtions. 

The  sotting  for  cutting  the  teeth  of  a  spiral  cutter  must  be 
made  before  turning  thu  spiral  bed  to  the  angle  of  the  spiral. 

nillJne  Cutters  with  Interlocking  Teeth.  When  two  mill- 
ing cutters  of  an  w^nal  diameter  arc  to  be  used  on  the  same 
arbor  in  auch  a  manner  that  the  end  of  one  cutter  is  against  the 
end  of  the  other,  the  corners  of  the  cutting  teeth  are  likely  to 
bmik  away  leaving  a  projection  —  or  fin  —  on  the  work  as  shown 


TODI,    M.\KI\<; 


.113 


ia  Fig.  176.  In  order  to  overcome  tlue,  part  of  the  teeth  are  cut 
away  on  the  aides  of  the  cutters ;  that  is,  a  tooth  will  he  cut  away 
on  one  cutler  and  the  corresponding  tooth  on  the  other  cutter  will 
be  left  full  length  to  aet  into  the  reuess  formed  by  the  cutting 
away  of  the  tooth.  In  some  shops  it  ia  customary  to  cut  away 
every  other  tooth  while  in  others  two,  three  or  four  teeth,  will  be 
cut  away  and  an  equal  number  left.  Fig.  177  represents  a  pair 
of  mills  having  eveiy  other  tooth  cut  away,  while  Fig.  178  repi'e- 
sents  a  pair  having  four  teeth  cut  away. 


In  order  to  cut  away  the  teeth  to  make  the  cutter  of  a  form 
having  interlocking  teeth,  the  cutter  should  be  placed  on  a  plug 
or  expanding  arbor  as  described  for  milling  teeth  on  sides  of  side 
milling  cutters.  By  means  of  a  milling  cutter  having  the  proper 
width,  the  teeth  may  be  milled  away,  although  in  case  a  cutter 
having  Hc-veral  teeth  cut  away  as  shown  in  Fig.  178,  it  is  well  to 
use  a  narrow  cutter  and  after  taking  one  cut  turn  the  index  head 
80  thiit  the  next  tooth  is  in  position.  Continue  doing  this  until 
the  desired  number  of  teeth  are  cut  away.  The  index  head  may 
now  be  turned  to  pass  over  the  required  number  of  teeth  and  the 
opetslioQ  repeated. 

It  is  necessary  when  making  cuttera  with  interlocking  teeth 
(sometimes  called  dodged-teeth)  that  the  milling  be  deep  enough  to 
^^ijKywjt  the  corresponding  tooth  on   ihe  other  part  of  the  cutter 


114 


TOOL    MAKING. 


from  striking  the  bottom  of  the  recess.     The  parts  of  the  cutter 
should  bear  against  each  other  on  the  shoulders,  or  hubs. 

An  excellent  form  of  milling  cutter  to  be  used  for  Tnilling 
slots  or  similar  work  may  be  made  as  shown  in  Fig.  179.  This 
form  is  less  expensive  to  make  than  one  having  interlock- 
ing teeth  and  answers  the  purpose  as  well.  It  is  necessary  to 
make  an  eccentric  mandrel  of  the  design  shown  in  Fig.  180 
having  the  eccentric  centers  on    opposite  sides   of  the  regular 


Fig.  179. 

centers  as  shown.  The  two  pieces  which  make  the  cutter  should 
be  cut  from  the  bar  long  enough  to  finish  the  thickness  of  the 
heaviest  part  A  A,  Fig.  119.  The  hole  is  made  ^  inch  smaller 
than  finish  size,  the  outside  surface  turned  off  and  the  pieces 
annealed. 

After  annealing,  the  hole  may  be  made  the  desired  size  for 
grinding.  One  of  the  pieces  may  then  be  placed  on  the  eccentric 
mandrel,  forcing  it  on  until  the  side  that  is  to  be  beveled  is 
exactly  in  the  center  of  the  mandrel.  The  side  B  may  be 
machined  with  the  mandrel  running  on  the  regular  centers  while 
the  beveled  side  must  be  machined  with  mandrel  running  on  the 
eccentric  centers.  When  the  arbor  is  running  on  these  centers,  a 
distance  half  way  between  the  two  ends  runs  true ;  it  is  at  this  point 
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that  the  side  of  the  blank  to  receive  the  bevel  should  be  located 
as  shown  in  Fig.  181  provided  the  eccentric  centers  are  of  an 
equal  depth.  After  machining  the  two  parts  of  the  cutter  to 
shape,  they  should  be  so  placed  on  a  stud  that  the  two  beveled 
sides  will  be  next  each  other  as  shown  in  Fig.  179,  and  the  thin- 
nest part  of  one  next  to  the  thickest  part  of  the  other.  The  pin 
hole  may  now  be  drilled  and  reamed  for  a  ^  inch  pin  which 
should  be  inserted.  The  blank  is  next  placed  in  the  vise  on  the 
shaper  or  planer  and  the  spline  slot  cut  as  shown.     It  is  now  ready 


Fig.  180. 

to  be  milled.  After  the  cutter  is  hardened,  the  beveled  sides  may 
be  ground  true,  the  halves  put  together,  hole  ground  to  size,  and  the 
cutter  ground  to  thickness,  after  which  the  teeth  may  be  ground 
for  clearance.     If  it  is  found  necessary  to  increase  the  width  of 
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the  sloti  it  may  be  done  by  shimming  between  the  two  parts  of 
the  cutter  with  paper  or  thin  sheet  metal ;  the  design  of  the  cut- 
ter allows  this  to  be  done  without  leaving  any  fin  in  the  slot. 

Nicked  Teeth.  Spiral  cutters  with  nicked  teeth.  Fig.  182, 
are  especially  adapted  for  heavy  milling.  As  the  chip  is  broken 
up  a  much  heavier  cut  can  be  taken  than  would  be  possible  were 
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an  ordinary  cutter  used.  The  nicking  may  be  done  as  follows ; 
An  eii^ne  lathe  may  be  geai-ed  to  cut  a  thrend  of  tiie  required 
pitch  —  two  threads  to  the  inch  will  be  found  satisfactory  —  and 
with  a  round  nose  tool  ^  inch  wide  cut  a  thread  of  sufficient 
depth  that  it  may  not  grind  out  before  the  teeth  will  become  too 
shallow  to  allow  further  grinding.  This  thread  should  be  eut 
before  milling  the  spaces  to  form  the  teeth. 


Angular  Cutters.  When  making  angular  cutters  the  same 
general  instructions  given  for  making  solid  straight  cutters  should 
he  followed  except  tlmt  the  desired  angle  should  be  given. 

\V\wn  niillins;  the  spaces  which  form  the  teeth,  the  index 
lipiid  is  sft  rtt  an  luiijlc  th:it  will  cnt  the  edge  of  the  tooth  of  ac 
equal  widlh  its  entire  length.  After  removing  the  buns  the  cut- 
ter may  W  hanleu.d  and  tfiiipereil.     The  hole  should  be  ground 
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to  size  and  the  sides  ground  true  vith  the  hole.  It  bIiouM  then 
be  pbiced  on  a  niiindrel  or  atud  uiid  the  tef  th  ground  for  clear- 
ance. Fig.  183  shows  the  method  used  in  grinding  the  teeth  of  a 
mill  of  tliis  form. 

MILUNd  CUTT£R5  WITH   INSBRTED  TBETn. 

When  milling  cutters  exceed  ti  or  8  inches  in  diameter,  it  is 
geneiully  cheaper  to  make  the  body  u£  cast  ii'uii  or  machineiy 
steel  and  insert  in  the  periphery  teeth 
mmie  oF  tool  steel.  There  is  a 
variety  of  methixlii  for  liotdiiig  the  < 
teeth  in  place.  If  the  cutter  is  nar- 
row, or  is  to  be  used  as  a  side  milling 
cutter,  the  gioovea  to  receive  the 
teeth  may  he  cut  straight  (parallel  to 
the  cutter  axi.s)  as  shown  in  Fig.  184. 
If  the  cutter  face  is  over  one  inch  long,  the  slots  to  receive  the 
teeth  should  be  cut  in  such  a  manner  that  itpiraj  teeth  may  be 
used. 

While  it  IS  a  tomparatively   easy   matter  to   out   the   slots 
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spirally,  it  is  diflicult  to  make  the  teeth  of  a  shape  that  will  fit  the 
spiral  slots  without  the  aid  of  special  tools.  Consequently  the 
slots  are  geneniUy  milled  at  an  angle  to  the  cutter  axis,  having 
the  side  of  slot  that  corresponds  to  the  face  of  the  tooth  equidis- 
tant from  a  radial  line  at  each  end  of  the  cut.     The  face  of  the 
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slot  at  one  end  would  be  ahead  of  the  center,  while  at  the  oppo- 
site end  it  would  be  behind  the  center;  this  is  termed  a  front 
rake,  and  a  negative  rake  respectively. 

The  slots  should  be  cut  somewhat  wider  than  would  be 
necessary  were  the  teeth  to  be  made  of  a  spiral  form.  After  tnm- 
ing  to  size,  tlie  faces  of  the  teeth  may  be  milled  spirally  to  make 
them  radial. 

If  the  mills  are  intended  for  heavy  work,  the  teeth  may  be 
nicked  as  already  described.  The  coarse  pitch  thread  should  be 
cut  before  the  teeth  are  milled  spirally. 


After  hardening,  the  teeth  may  be  put  in  place  and  fastened; 
they  are  now  ready  for  grinding.  The  emery  wlieel  for  grinding 
milling  machine  cutter  teeth  should  be  of  the  proper  grade  as  to 
hardness  and  coarseness  ;  if  the  wheel  ia  very  hard  or  fine,  it  will 
be  likely  to  draw  the  temper  at  the  cutting  edges  of  the  teeth; 
the  emery  should  not  be  coarser  than  No,  60  or  finer  than  No.  90. 

If  the  face  of  the  wheel  is  glazed,  remove  the  glaze  with  a 
piece  of  emery  wheel  somewliat  harder  than  the  wheel  in  use ;  this 
not  only  removes  the  glaze  but  makes  the  surface  of  the  wheel 
more  open  and  less  likely  to  glaze.  The  emery  wheel  should  run 
true;  its  face  should  not  exceed  J  incli  in  widtli.  Generally 
speaking,  the  softer  the  emery  wheel  t\\ti/a»ter  it  should  run,  but 
the  peripheral  speed  should  not  exceed  5,000  feet  per  minute. 

FatUning.      There   are   several    methods   for    fastening   the 
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teeth  in  thia  form  of  cutter,  auy  one  of  which  gives  satisfaction  if 
tlie  work  is  well  doiie- 

The  method  illustrated  in  Fig.  186  is  in  use  .in  the  works  of 
the  Pratt  and  Whitney  Co.,  of  Hartford,  Conn.  In  this  design. 
between  i-very  second  pair  of  teeih  a  hole  is  drilled  and  reamed 
taper  to  receive  the  taper  pinji  A  A,  after  which  the  slots  B  B  are 
cut  with  a  thin  cutter.  After  the  cutters  are  in  place  the  taper 
pins  A  A  are  driven  into  the  holes,  thus  locking  the  cutters.  To 
remove  the  cutters  the  pins  are  driven  out. 

A  method  of  fastening  the  cutters  which  are  used  liy  the 
Morse  Twist  Drill  &  Machine  Co.,  of  New  Bedford,  Mass.,  is 
shown  in  Fig.  187.  In  this  case  the  stock 
between  eveiy  second  pair  of  teeth  is 
milled  away  not  as  deep,  however,  as  the 
elota  for  the  cutters.  VVedge-ehaped 
pieces  of  steel  are  fitted  between  the  teeth 
as  shown.  When  these  are  drawn  to  place 
by  means  of  fillister  headed  screws  they 
bind  the  cutters  very  securely.  IE  the 
wedge  -sh.ipeil     binding     blocks     touch 

the  bottoms  of  the  slots  they  will  not  hold  the  cutters  securely 
in  place. 

The  method  shown  in  Fig.  188  is  used  by  Brown  &  Sharps 
Mfg.  Co.  of  Providence,  R.  I.  The  teeth  are  held  in  place  by 
taper  bushings  and  sciews  as  shown. 

Standard  Key  Ways,  To  prevent  milling  machine  cutters 
turning  on  the  ai'bor  when  cutting,  it  is  necessary  (especially 
when  taking  heavy  cuts)  to  have  key  ways  cut  as  shown  in  Fig.  189. 

The  arbor,  of  course,  must  have  a  similar  slot  to  receive  the 
key.  It  will  be  noticed  that  the  dimension  D  refera  to  the  diam- 
eter of  the  hole  in  cutter,  and  not  to  the  diameter  of  the  cutter. 

Formed  Cutters.  As  used  by  the  Brown  &  Sharpe  Mfg. 
Co.,  the  term  "Fonned  Cutter"  applies  to  the  cutters  with  teeth 
so  relieved  that  they  can  be  sharpened  by  grinding  without  chang- 
ing their  form.  However,  the  term  >■  Form  Cutter  "  can  be  ap- 
plied to  any  cutter  cutting  a  form  Tegaidk'ss  of  the  manner  in 
which  the  teeth  may  be  relieved.  Fig,  190  represents  a  formed 
-  cutter. 


Fig.  188. 


L 
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Formed  cuttets  are  used  in  many  shops  where  work  of  irregn- 
lar  shape  Is  milled  in  large  quantities,  as  in  sewing  machine,  gun 
and  bicycle  shops. 

While  this  Bt>-1e  of  cutter  can  be  made  to  better  advantage  in 
a  fihop  equipped  with  machinery  designed  especially  for  this  class 
of  work,  an  ordinary  cn^ne  lathe  can  be  converted  to  a  haekinff- 
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tijf'  liit/ii-  for  relieving  or  bucking  off  the  cuttei's.  Or,  ii  compara- 
tively inexpensive  fixture  (known  as  the  Balziii-  backing-off  dc- 
vici;)  iniiy  Ix'  nBcil.  However,  a  simple  armiigement  consists  <)f 
an  I'ccfntrii:  arlKir  ci])eratetl  hy  a  hand  lever,  (»r  a  stiul  may  Im- 
Hcreweil  in  tin-  faiepjati.-  of  a  lathe;  the  cutter  is  placet!  on  this 
stud  ill  a  iKmitiijn  tliat  allows  the  teeth  to  be  given  the  iieeessarj' 
anifiiint  nf  cli-arance.  When  backing  oft  the  leetli  of  cutters 
wlioHi-  tmi's  lid  not  exceed  I  iucii  in  widtli  the  Bakar  liacking-off 
lixluie  mIiuwu  in  Fig.  IHI  eaii  l)e  used  to  advantage.     Thifi  device 
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is  held  between  the  centers  of  a  lathe  in  the  ordinary  manner,  the 
backing  off  being  such  that  the  cutter  can  he  ground  without 
alteration  of  shape.  The  t4>oI  ia  so  constructed  that  it  is  only 
necessary  to  place  the  cutter  upon  the  arbor  in  the  ordinary  way. 
Place  the  arbor  on  the  htthe  centers  as  shown,  start  the  lathe  and 
feed  the  forming  tool  in  by  the  crosa-feed  screw  in  order  to  take 


the  desired  eu%  in  the  same  manner  as  in  pliun  turning.  The 
.ratchet  connected  with  the  arbor,  and  actuated  by  the  pawl,  con- 
tains ordinarily  thirty-six  teeth  and  the  stroke  can  be  set  to  back 
off  a  cutter  with  9,  12,  18  or  86  teeth. 

BackiiiK  off  by  an  Eccentric  Arbor.  An  arbor  may  he  made 
htTing  a  pfdr  of  centers  located  to  give  the  cutter  tooth  the  re- 
quired amount  of  clearance ;  such  an  arbor  is  shown  in  Fig.  192. 
He  eooentric  centera  are  shown  at  the  sectional  portions  at  the 
^da.     The  amount  of  eccentricity  depends  somewhat  on  the  size 
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of  the  cotter  to  be  backed  off;  but  for  cutters  not  exceeding 
4  inches  diameter,  from  y^  to  ^  inch  will  give  excellent  results. 

The  screw  at  the  end  of  the  arbor  should  be  of  a  fine  pitch ; 
about  12  threads  per  inch  for  arbors  1  inch  diameter.  The  object 
in  CQtting  a  fine  pitch  thread  is,  the  cutter  being  backed  off  may 


Fig.  192. 

be  held  more  securely  with  the  same  amount  of  power  exerted  in 
tightening  the  nut;  again  the  depth  of  thread  is  not  as  great 
as  for  a  thread  of  coarser  pitch,  and  as  a  consequence,  the  plane 
portion  at  the  end  of  the  arbor  (which  ia  made  the  size  of  the 
bottom  of  the  thread)  may  be  left  large  enough  to  get  in  a  center 
hole  of  good  size  having  ^  inch  eccentricity. 


The  spline  cut  should  be  at  least  ^  inch  wide;  and  about  ^  inch 
deep ;  the  wall^  of  the  cut  should  be  parallel  in  order  that  the 
screws  shown  in  Fig.  193  as  passing  through  the  collar  and  entei^ 
ing  the  slot  in  the  arbor,  may  have  a  good  bearing.  These  screws 
are  to  keep  the  collar  from  turning  when  the  necessary  power  is 
applied  to  the  nut  when  fastening  the  cutter  in  place.  The  collar 
on  the  opposite  side  of  the  cutter  baa  a  spline  cut  the  same  width 
as  cut  in  the  arbor,  and  is  held  in  position  by  a  spline  aa  shown. 
The  cutter  cannot  be  held  by  a  spline  as  it  is  necessary  to  move 
it  each  time  a  tooth  is  brought  into  position  for  backing  off. 
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When  machining  the  cutter  blank,  it  is  given  the  desired 
shape  by  means  of  a  forming  tool.  If  the  shapes  vary  much  in 
size  the  shape  may  be  roughed  out  before  using  the  forming  tool. 
After  it  has  been  machined  to  the  desired  size  and  shape,  it  may 


Fig.  194. 


Fig.  195. 


be  placed  between  the  centers  of  the  milling  machine,  and  a  num- 
ber of  grooves  cut  the  entire  length  of  the  cutter.  The  number 
of  grooves  must  correspond  to  the  number  of  teeth  the  mill  is  to 
have;  these  grooves  cannot  be  cut  to  finish  width 
until  after  the  teeth  are  backed  off,  because  the  form- 
ing tool  cuts  a  trifle  deeper  at  the  point  of  contact, 
making  it  necessary  to  mill  a  small  amount  from  the 
face  of  the  tooth  after  backing  off.  The  grooves 
are  sometimes  cut  with  a  thin  milling  cutter,  or  a 
metal  slitting  saw  |  inch  thick.  When  a  groove  of 
this  description  is  cut,  the  cutter  has  the  appearance 
shown  in  Fig.  1 94.  Cutting  a  groove  of  this  form 
makes  more  work  for  the  operator  than  when  cut  as 
shown  in  Fig.  195,  in  which  the  distance  across  the 
tops  of  the  teeth  is  decreased  by  using  an  angular 
cutter  of  the  shape  shown  in  Fig.  196.  After  cut- 
ting the  grooves  the  cutter  may  be  placed  on  the  eccentric  arbor 
which  is  held  between  the  centers  of  the  lathe  in  the  ordinary 
manner.  A  forming  tool  that  will  produce  the  desired  shape  of 
tooth  is  placed  in  the  tool  post ;  the  top  face  of  the  tool  must  be 
set  at  the  exact  height  of  the  center  of  the  lathe  in  order  to 
produce  the  proper  shape.     Fig.   197  shows  an  ecoentrie  arbor 


Fig.  190. 
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in  a  lathe  in  position  to  IkicIc  off  the  teeth  of  a  formed  mill.  The 
arbor  is  operated  by  means  of  the  lever.  The  arbor  is  entirely 
independent  of  the  spindle  in  its  action,  the  eccentrio  centers  being 
placed  on  the  centers  of  the  lathe,  and  the  necessary  motion  given 
by  means  of  the  lever  which  strikes  the  carriage  at  the  end  of  the 
stroke.  In  order  to  avoid  bruising  the  lathe  a  strip  of  leather  is 
attached  to  the  lever  as  shown. 

To  set  the  cutter  tooth  in  the  piviper  location  before  backing 
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off,  a  jiii-ce  iif  tliin  sheet  ruetiil  is  placed  on  the  top  face  of  the 
tool,  as  Hh<iwn  in  Fig.  lJt«.  The  lever  is  brought  down  on  to  the 
Ciiniage,  tlie  tootli  of  the  <rutt«r  is  brought  diiwn  on  to  the  sheet 
metal  and  the  nut  tightened.  The  tooth  to  be  backed  off  is  the 
one  iN'hiw  that  set  to  the  thickness  of  the  strip  alwve  the  tool. 
The  object  in  raising  the  tooth  a  given  dUtante  aliove  the  face  ia 
to  prevent  tlie  one  being  backed  fram  and  striking  the  tool  at 
the  end  of  stroke.  Again  ihe  teeth  are  set  alike.  This  operation 
nnist  be  repeated  for  the  setting  of  each  tooth  before  backing  off. 
Tlu;  forming  tool  is  fed  liy  means  of  the  cross-feed  screw,  a  tooth 


is  backed  off  nearly  the  deaired  amount  leaving  a  little  for  a  finish 
cut ;  the  tool  is  withdrawn,  the  nut  loosened  and  the  cutter  turned 
on  the  arbor  to  brin^the  next  tooth  in  position  to  be  backed  off. 
This  operiilion  may  be  repeated  until  all  the  teeth  are  backed  off 
alike.  The  amount  of  backing  off  must  be  determined  by  the 
cross-feed  stop,  or  a  graduated  dial  on  the  cross-feed  screw.  After 
the  roughing  cut  has  bi>en  taken  on  all  the  teelh,  the  forming  tool 
may  be  sharpened  by  grinding,  or  by  oil  stoning,  and  the  finish 
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cut  taken  on  the  teeth.  Another  method  of  backing  off  cutter 
teeth  is  shown  in  Fig.  199.  A  stud  is  screwed  in  the  faceplate 
of  a  lathe  near  the  outer  edge  as  shown.  The  cutter  which  must 
be  a  fit  on  the  stud  is  clamped  by  means  of  the  nut  shown.  The 
linger  A  is  movable  in  the  slot  in  the  stationary  block  6  which  ia 
located  on  the  face  plate  to  bring  the  tooth  to  be  backed  off  in  its 
proper  location,  and  keeps  it  from  turning  when  being  operated 
(in.  The  forming  tool  is  fed  in  gradually  until  the  tooth  is  formed. 
finger  is  then  disengaged  from  the  space  in  the  cutter,  which 
J  ilved  by  means  of  the  set  screw  until  the  next  is  in  position. 
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Each  tooth  is  machined  seperately,  that  is,  the  forming  tool  is  fed 
in  the  required  distance  for  each  tooth  when  it  is  in  position. 
The  cutter  is  turned  until  the  next  tooth  is  in  position,  and  the 
process  repeated  until  each  tooth  has  been  backed  off. 

In  backing  off  cutters  in  this  device  it  is  necessary  to  cut  the 
notches  (spaces  between   the  teeth)  somewhat  wider  than  the 

teeth. 

When  backing  off  the  teeth  for  clearance  by  any  of  the 
means  described,  it  is  first  necessary  to  form  the  blank,  then  gash 
it  or  cut  the  notches  as  described ;  the  teeth  are  now  backed  off. 


Fig.  199. 

After  backing  off  it  is  necessary  to  mill  the  face  of  the  tooth  back 
^  inch  or  so  to  cut  away  "  the  jump "  (as  it  is  termed)  caused 
by  the  forming  tool  drawing  in  a  trifle  when  it  first  strikes  the 
edge  of  the  tooth. 

Threaded  Holes.  It  is  often  necessary  to  make  milling  cut- 
ters with  threaded  holes.  This  happens  in  the  case  of  small 
angular  cutters,  and  many  styles  of  cutters  for  use  on  profiling 
(edge  milling)  machines. 

The  same  general  instructions  for  making  the  other  forms  of 
cutters  apply  to  those  with  threaded  holes,  except  that  instead 
of  reaming  the  hole  to  a  given  size  the  thread  is  cut  with  a  tap 
of  the  proper  size  and  pitch  or  it  is  chased  in  the  lathe.  After 
threading,  the  cutter  should  be  screwed  on  to  a  threaded  arbor. 
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Fig.  200  shows  an  arbor  of  this  description.  The  end  A  is  threaded 
slightly  tapering  for  short  cutters  about  .002  inch  in  1  inch  of 
length.  On  the  taper  end  of  the  arbor  a  thread  should  be  cut 
of  a  size  that  will  not  allow  the  cutter  to  screw  on  the  arbor  quite 
the  entire  length,  that  is,  the  cutter  should  overhang  the  threaded 


Fig.  200. 

portion  of  the  arbor  a  trifle  (say  one  thread) ;  this  allows  the 
outer  end  to  be  squared  up  without  mutilating  the  threads  on  the 
arbor.  The  reason  for  using  the  taper  end  of  the  arbor  when 
squaring  the  first  end  of  the  cutter  is  that  the  shoulder  is  true 
with  the  thread  in  the  cutter.  After  squaring  this  shoulder,  the 
cutter  blank  may  be  removed  and  placed  on  the  opposite  end  of 


Fig.  201. 

• 

the  arbor  with  the  side  that  has  been  squared  against  the  shoulder 
of  the  arbor.  This  method  of  machining  pieces  of  work  having 
a  threaded  hole,  where  it  is  desirable  that  the  outer  surfaces  be 
true  with  the  hole,  is  applicable  to  all  classes  of  work.  The  cut- 
ter may  be  machined  to  length  and  shape  on  the  straight  end  of 
arbor. 

Fly  Cutters.     The  simplest  form  of  milling  machine  cutter 
is  known  as  a  fly  cutter.     It  has  only  one  cutting  edge  but  is 
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particularly  valuable  when  making  but  one  or  two  pieces  of  a  kind 
for  experimental  work,  and  when  making  and  duplicating  screw- 
machine  and  similar  tools  of  irregular  shape. 

As  these  cutters  have  but  one  cutting  edge,  they  produce 
work  very  accurate  as  to  shap/e,  but  cut  very  slowly  and  do  not 
last  as  long  as  those  having  more  teeth.     However,  they  are  used 

on  special  work  on  account  of  the 
small  cost  of  making.  It  is  necessary 
to  hold  the  cutters  in  a  flt/  cutter 
arbor  which  is  shown  in  Fig.  201. 

The  cutter  to  be  used  in  a  fly 
cutter  arbor  may  be  filed  to  a  temp- 
let, 'giving  the  necessary  amount  of 
clearance  in  order  that  the  back 
edge,  or  keel,  may  not  drag.  If  it  is  desirable  to  make  the 
impression  in  the  fly  cutter  with  a  milling  cutter  of  the  regular 
form,  the  piece  of  square  steel  from  which  the  cutter  is  to  be 
made  may  be  held  in  the  milling  machine  vise  and  the  shape  cut 
with  the  milling  cutter.  The  desired  amount  of  clearance  may 
be  given  by  holding  the  piece  in  the  vise  at  an  angle  of  a  few 
degrees. 

To  make  a  fly  cutter  from  a  forming  tool,  the  piece  of  steel 
may  be    held  in  the  fly  cutter 
arbor  in  such  a  position  that  the 


Fig.  202. 


Fig.  203. 


r^A_ 


Fig.  204. 


face  is  somewhat  back  of  a 
radial  line  as  shown  in  Fig.  202. 
After  hardening  tlie  cutter  may 
be  set  so  that  the  cutting  edge 
will  be  radial  and  the  clearance 
will  be  as  shown  in  Fig.  203. 

Another  method  of  getting  the  clearance  for  the  cutter  is  to 
place  the  top  of  the  cutter  blank  as  near  the  arbor  as  possible  and 
then  cut  the  desired  shape.  If  the  cutter  is  set  in  the  arbor  so 
that  it  projects  from  the  surface  it  will  have  the  necessary  clear- 
ance as  shown  in  Fig.  204.  A  represents  the  position  of  the  blank 
while  being  cut  and  B  the  cutter  in  position  for  cutting;  the 
dotted  luie  showing  the  circle  through  which  the  cutting  edge 
travels,  the  amount  of  clearance  is  apparent. 
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End  Mills.  This  form  of  milling  machine  cutter  (Fig.  205) 
is  familiarly  known  as  a  shank  mill.  The  term  is  used  on 
account  of  the  shank  R  which  in  smalt  milling  cutters  fits  into  a 
collet.  This  collet  in  turn  fits  the  hole  in  the  spindle  of  milling 
machine.  The  collet  referred  to  is  used  to  save  stock  in  making 
the  cutters  as  otherwise  it  would  be  necessary  to  use  steel  large 
enough  to  make  a  shank  of  the  size  of  hole  in  the  spindle  of  the 
milling  machine. 

The  cutter  shown  in  Fig.  205  is  what  is  termed  a  left  hand 
mill ;  if  the  teeth  run  in  the  opposite  direction,  it  is  called  a  right 
hand  mill. 


Fig.  205. 

In  making  a  shank  (or  end)  mill  of  the  form  shown  in  Fig. 
205  stock  should  be  selected  enough  larger  than  the  cutting  end 
A  to  allow  of  turning  off  the  decarbonized  surface  of  the  steel. 
After  facing  the  ends  to  length,  and  turning  the  roughing  chip, 
the  end  A  may  be  run  in  the  steady  rest  of  the  lathe  and  the 
center  cut  away  —  or  recessed  —  as  shown  at*C.  The  blank 
should  be  recentered  and  countersunk  to  furnish  a  center  to  use 
in  turning  the  mill  to  size  and  shape.  The  object  in  cutting  the 
center  out  as  shown  is  to  furnish  a  cavity  for  the  angular  cutter 
used  in  cutting  the  teeth  on  the  end  of  the  mill.  Without  this  it 
would  be  impossible  to  grind  satisfactorily. 

After  recentering  the  end  C,  the  tenon  D  may  be  turned  to 
size  and  milled  to  tliickness,  which  should  be  a  trifle  {^^  inch) 
less  than  the  width  of  the  center  key  slot  in  the  collet.  The  taper 
at  B  should  be  turned  enough  larger  than  finish  size  to  allow  for 
grinding  after  the  milling  cutter  is  hardened.  The  cutter  end  A 
should  be  turned  .010  inch  larger  than  the  required  diameter. 
The  portion  E  should  be  turned  ^^  inch  smaller  than  the  large 
end  of  B  or  to  dimensions  if  any  are  given  on  the  drawings. 
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In  order  to  insure  teeth  strong  enough  to  resist  the  strain  of  | 
cutting,  an   angular  mill  should  be  selected   that  will  give  the  I 
required  shape.     In  Fig.  206  is  shown  ii  form  of  cutter  tooth  too  | 
weak  for  actual  service ;    this   tooth   is   the  result  of  using  an 
angular  cutter  with  a  cutting  face  forming  an  acute  angle  with  the   ' 
side.     Fig.  207  shows  a  cutter  whose  teeth  are  strong,  yet  deep 
enough  to  be  practical ;  these  teeth  were  cut  with  an  angular  mill 
of  less  angle.     Fig.  208  represents  a  cutter  whose  teeth  were  cut 


Flff.  308.  Fig.  207. 
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with  the  same  cutter  used  for  Fig.  206.  The  teeth  were  cut  to 
the  required  depth  first ;  this  of  couree  leaving  them  too  thick  at 
the  cutting  edges  as  shown  in  Fig.  209.  After  cutting  the  teeth 
as  shown  at  A,  Fig.  209,  the  index  head  was  turned  sufficiently 
to  cut  the  teeth  as  shown  at  A,  Fig,  208. 

After  cutting  the  teeth  around  the  circumference  of  the  mill, 


Fig.  210. 


it  should  be  placed  in  the  collet  and  the  collet  put  in  the  spindle 
hole  in  the  spiral  head  in  order  to  cut  the  teeth  on  the  end. 

When  cutting  tlie  teeth  on  the  end  of  the  mill,  the  spiral 
head  is  turned  until  the  cutter  is  in  a  horizontal  position.  The 
angular  cutter  used  should  not  have  a  very  acute  angle  or  the 
teeth  will  be  weak.  An  80°  angular  milling  cutter  will  be 
satisfactory. 

Spiral  End  MxU».  It  ia  soinetimeB  advisable  to  cut  the  teeth 
of  endmillfl  spirally  astbown  in  Fig.  210.     As  there  is  no  auppoit  i 
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Kt  the  outer  end  of  this  form  of  mill  it  will  be  necesBury  to  cut 
the  teeth  of  k  spiral  that  will  have  a  tendency  to  force  tlie  mill 
into  the  collet  rather  than  draw  it  out  Fig.  210  represents  a  left 
hand  end  mill  cut  with  a  right  hand  spiral. 

Bod  Mills  witb  Center  Cut.     This  form  of  End  Mill  is  use- 
ful when  it  ia  necesaary  to  cat  into  the  work  with  the  end  of  the 


Fig.  211. 

tnitl,  and  then  move  along  as  in  dies,  cams,  and  grooves.  The 
teetli  being  sbaip  on  the  outside,  cut  a  path  from  the  point  of 
entrance.  The  coarser  teeth  allow  a  heavier  cut,  especially  in 
cast  iron.  Fig.  211  shows  two  views  of  an  end  mill  with  center 
cut 

After  cutting  the  teetli  on  the  end  with  an  angular  cutter,  a 


Fig.  S13. 


Fig  J13 


thin  straight  faced  cutter  of  small  diameter  should  be  run  tlirough 
close  to  the  &ce  of  the  cutter  tooth  makuig  a  cut  as  shown  at  A  ; 
this  cut  should  be  of  sufficient  depth  to  permit  of  backing  oS  the 
inner  edge  of  the  tool  as  shown  at  B.  This  clearance  allows  the 
mill  to  cut  away  the  slight  projection  left  in  the  center  of  mill 
when  it  is  fed  into  a  piece  of  work.  Such  a  projection  is  shown 
at  A  in  Fig.  212. 

T-Slot  Cutters.      In   cutting   T   slots   in   various   parts   of 
maohioee,  such  as  milling  machine  carriages,  etc.,  it  is  necessary 
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to  use  a  form  of  shank  mill  known  as  a  T-Slot  Cutter.  Fig.  218 
sho^iUB  the  ordinary  form  of  T-slot;  while  Fig.  214  shows  the 
cutter.  A  portion  of  the  stock  below  the  teeth  is  cut  away  as 
shown  at  A  A  in  the  sectional  view  Fig.  215.  This  is  necessary 
in  order  to  back  off  the  teeth  on  the  sides  of  the  cutter  for  clear- 
ancCf  and  to  do  away  as  far  as  possible  with  unnecessary  friction 
when  the  cutter  is  working. 


Fig.  214. 


T-slot  cutters  are  usually  made  ^^  inch  larger  in  diameter 
than  the  size  designated  on  the  cutting  portion  to  allow  for  sharp- 
ening; that  Ls,  a  mill  intended  for  cutting  a  slot  ^  inch  wide  is 
made  }  +  ^  ^^  M  ^"^^^  diameter,  unless  intended  for  cutting  a 
slot  to  given  dimensions. 

It  is  advisable  to  harden  mills  of  this  description  the  entire 
length  of  the  neck,  especially  if  the  neck  is  of  small  diameter ; 
otherwise  they  will  be  very  likely  to  spring  when  in  use.     After 

hardening,  the  neck  should  be  drawn  to 
a  blue  color,  while  the  cutting  part  should 
be  drawn  to  a  straw  color. 

When  grinding  end  mills,  the  shank 
in  all  cases  should  be  ground  first  to  fit 
the  collet  or  holder,  allowing  it  to  enter 
far  enough  to  key  out  readily,  yet  not 
enough  to  allow  the  shoulder  above  the 
tenon  to  strike  the  shoulder  in  the  collet. 

After  grinding  the  teeth  for  clearance  on  the  diameter,  the 
teeth  on  the  end  should  be  ground.     Most  imiversal  and  cutter, 
grinders  are  provided  with  a  fixture  for  holding  the  mill  by  the: 
shank  while  grinding    these   teeth ;  such  a  fixture  is  shown  in 
Fig.  216. 

Pace  Milling  Cutters.  This  form  of  cutter  is  used  in  milling 
surfaces  too  large  to  be  cut  with  tlie  ordinary  form  of  milling* 


Fig.  215. 
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cutter  held  on  an  arbor  passing  over  the  work.  As  the  full  diam- 
eter of  the  face  of  the  cutter  may  be  used,  it  may  have  less  than 
one  half  the  size  that  would  be  necessary  for  a  aide  milling  cutter. 
A  side  milling  cutt«r  must  be  double  the  diameter  of  the  surface 
to  be  cut  plus  the  diameter  of  the  collar  on  the  arbor.  For  in- 
stance if  a  surface  as  A,  Fig.  21 T,  were  to  be  milled,  it  would  be 
necessary  to  use  a  cutter  somewhat  larger  in  diameter  than  twice 


Fig.  210. 

the  height  of  the  surface  plus  the  diameter  of  collar  B.  Whereas 
if  a  face  milling  cutter  of  the  form  shown  in  Fig.  218  were  used 
the  diameter  need  not  Ik  much  greater  than  the  height  of  the  face 
of  the  piece  of  work  being  milled. 

Generally  speaking,  cutters  of  this  description  are  necessarily 
of  a  diameter  that  makes  it  advisable  to  use  inserted  teeth  as 
shown  in  Fig.  218.  The  body  may  be  made  of  cast  iron,  haying 
a  taper  hole  and  key  way,  and  held  in  place  oo  the  arbor  by  a 
screw. 

The  teeth  may  be  made  of  tool  steel  and  hardened,  or  of  self- 
hardening  steel  if  the  cutter  is  to  be  subjected  to  rough  usage.    In 
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either  case  they  may  be  fitted  to  the  slots  by  grinding  on  a  surface 
grinder,  and  held  in  place  by  taper  bushings  and  screws  as  ex- 
plained under  ^^  Milling  Cutters  with  Inserted  Teeth."  The  con- 
struction of  the  body  may  be  readily  understood  from  the  sectional 
view  given  in  Fig.  219.  The  letters  A,  B,  aud  C  represent  the 
diameter  of  cutter,  width  of  face,  and  number  of  taper  of  the  hole 
respectively,  while  D  represents  the  key  way. 

The  following  table  gives  the  dimensions  of  Face  Milling 
Cutters  of  different  diameters. 


1 

PACE 

MILLING  CUTTERS. 

A 

} 

C 

% 

74' 
84' 

9J' 

/ 

8  ' 
2  ' 

IP 

Ko.  10  Brown  A  Sharpe  Taper. 

4«    ^2         **       **         **             ** 
•(    22        '*       *'        *'            '* 
u   j2        **       **        •*            *' 

After  boring  and  reaming  the  taper  hole,  the  body  of  the 
cutter  may  be  placed  on  a  taper  mandrel  fitting  the  hole,  and  the 

^  ends  and   circumference  fin- 


* 


^^n 


WORK 


ished  to  size.  It  should  then 
be  placed  in  the  vise  on  the 
shaper  or  planer  at  the 
proper  angle  and  the  spline 
slot  cut  of  an  equal  depth  at 
each  end  of  the  taper  hole. 
After  removing  the  burrs  it 
should  be  placed  between  the 
centers  on  the  milling  ma- 
chine, and  the  slots  cut  for 
the  teelJi. 

When  the   teeth  are 

firmly  secured  in  their  proper  places,  they   may  be  ground  for 

clearance  ;  the  same  general  instructions  given  for  grinding  other 

forms  of  milling  machine  apply  to  this  form. 

Arbors  For  Face  Milling  Cutters.     In.  Fig.  220  is  shown  an 

arbor  to  be  used  in  connection  with  face  milling  cutters.     The 


Fig.  217. 
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shank  A  fits  the  hole  in  the  spindle  of  the  milling  machine.  B  is 
the  body  which  fibi  the  taper  hole  in  the  cutter ;  this  portion  of  the 
arbor  has  a  spline  which  fits  a  spline  slot  in  the  cutter.  A  screw 
C  enters  the  body  of  the  arbor  and  is  used  in  holding  the  cutter 


ng.  S18. 


Pig.  319. 


on  the  arbor.     D  is  a  nut  used  to  force  the  cutter  off  the  arbor 
when  it  is  necessary. 

Stock  used  in  making  an  arbor  for  a  face  milling  cutter 
shoald  be  strong  and  stiff,  and  on  this  account  tool  steel  is  gen- 
arally  used.     After  squaring  the  end  and  roughing  out  the  cir- 


¥\g.  320. 


cumference,  one  end  should  be  run  in  the  steady  rest  and  the 
screw  hole  in  the  end  drilled  and  tapped,  after  which  it  should  be 
countersunk  at  the  end  to  furnish  a  center  for  use  in  turning  and 
finiflhii^.  The  tenon  should  now  be  turned  to  size  and  milled  to 
thickness.  If  necessary  to  harden  the  end  of  the  tenon  it  should  be 
done  before  finish  turning  the  arbor  to  prevent  springing  when  heat- 
ing.   After  turning  the  taper  to  fit  the  hole  in  the  milling 
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Sharp  comers  should  be  avoided  wherever  possible,  and  all 
handles  or  similar  devices  should  fit  the  hand.  If  not,  the  amount 
of  work  done  will  not  be  the  maximum,  as  the  operator  cannot  do 
as  much  work  with  a  jig  which  tires  the  hand  and  wrist. 

As  already  stated  the  accuracy  with  which  a  jig  should  be 
constructed  depends  entirely  on  the  nature  of  the  work  to  be  done, 
yet  it  should  be  borne  in  mind  that  any  inaccuracy  must  of  nec- 
essity be  duplicated  in.  the  work. 

BXAnPLB5  OP  JKIS. 

A  few  designs  of  jigs  will  now  be  considered  to  show  the  gen- 
eral requirements  and  the  methi^ds  of  construction. 

The  slab  jig,  shown  in 


Fig.  222. 


Fig.  222,  is  the  simplest  form 
in  use  ;  it  consists  of  a  piece 
of  flat  stock  of  suitable  thick- 
ness and  of  the  same  general 
outline  of  the  piece  of  work 
to  be  drilled.  The  work  may 
be  clamped  to  the  jig  by 
means  of  U  clamps,  or  parallel 
jaw  clamps.  If  the  jig  is  made  of  machinery  steel  the  walls  of  the 
holes  may  be  case-hardened  by  heating  the  jig  red  hot  and  sprink- 
ling powdered  cyanide  of  potassium  around  the  hole,  reheating  in 
the  fire  and  plunging  in  water  ; 
it  should  be  worked  back  and 
forth  in  the  bath  so  that  the 
water  will  circulate  through  the 
holes.  While  this  form  of  jig 
answers  very  well  where  but  a 
few  pieces  are  to  be  drilled,  it 
is  not  suitable  for  permanent 
equipment  on  account  of  the 
wear  of  the  holes.  To  over- 
come this,  the  holes  may  be  made  sufl&cieiitly  large  to  receive 
hardened  bushings  having  holes  the  size  of  the  drill  to  be  used. 
Fig.  223  shows  this  construction. 

When  holes  are  to  be  drilled  at  certain  distances  from  one  or 
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Fig.  223. 
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or  l>etween  the  work  and  the  stops,  or  locBtiiig  points,  throw  the 
work  out  of  true.  Ab  a  result  the  holes  will  be  at  a  wrong  angle 
to  the  working  Biirface,  or  they  will  he  improperly  located.  Either 
condition  wnnld  miiko  the  pieces  unfit  for  iiae  on  most  work,  con- 
Bcquently  bearing  8iirface.s  (wherever  possiblL')  should  be  out 
iiivay  leaving  several  suiall  seating  surfaces,  rather  than  one  large 
one.  A,  Fig.  221,  shows  a  piece  of  work  resting  on  its  entire 
seating  surface;  while  B  shows  a  surface  cut  away  to  leave  six 
bearing  points.  If  the  seating  surface  is  to  be  cut  away  as  de- 
'cribed,  the  mised  portions  should  be  so  located  that  the  article 


u   u   u 
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Fig.  221. 


cannot  be  sprung  by  the  action  of  tlie  cutting  tools  or  from  any 
pressure  that  may  be  applied  by  any  fastening  device  ;  otherwise 
the  work  will  he  thrown  out  of  true  as  badly  as  though  ehips  were 
lodged  between  the  work  and  the  seating. 

It  is  advisable,  whenever  possible,  to  divide  a  long,  locating 
bearing  into  several  short  surfaces,  thus  decreasing  the  chance  of 
holes  becoming  inaccurately  located.  When  making  jigs  for 
pieces  that  are  likely  to  have  burrs  at  any  given  point,  it  is  well  to 
cut  a  depression  in  the  seating  or  locating  surfaces  for  the  burr  to 
set  in,  thu;>  preventing  the  work  lieing  incorrectly  located. 

Seating  surfaces  shoulil  be  made  smooth  so  that  cbi{)6  and 
dirt  may  not  stick  to  them,  but  they  should  not  be  polished  nor 
finished  as  this  woidd  necessitate  unnecessary  cost  and  might 
cause  the  surface  to  get  out  of  true. 

A  jig  must  be  handled  by  the  workman,  and  a  clumsy  jig  can- 
not be  handled  as  readily  an  one  designed  so  that  the  workman 
can  use  it  to  advantage. 
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Fig.  220. 


piece  used  having  the  lioles  properly  located ;  this  piece  raay  be 
placed  in  the  jig  and  by  means  of  drills  the  holes  are  transferred 

to  the  jig.  If  the  bushings  are 
to  be  used  the  holes  may  be  en- 
larged by  a  counterbore  having 
a  pilot  which  fits  the  drilled  hole 
and  a  body  of  the  desired  size 
of  the  bushing.  While  this 
method  is  cheap  and  good 
enough  for  certain  classes  of 
work,  it  is  not  advisable  to  use 
it  for  a  very  accurate  job. 

Another  inexpensive 
method  which  insures  fair  re- 
sults is  to  drill  the  holes  as  de- 
scribed above,  then  run  a  drill 
or  reamer  a  trifle  larger  than 
the  holes  in  the  templet  through  the  holes  in  the  jig.  Now  place 
the  templet  in  position  and  by  means  of  a  counterboi-e  having  a 
pilot  which  fits  the  hole  in  the  templet  counterbore  the  jig  to  the 
templet  as  shown  in  Fig.  228. 
Better  results  will  be  obtained  if 
the  ends  of  the  teeth  of  the 
counterbore  <are  made  of  the 
shape  shown  in  Fig.  229,  espe- 
cially if  the  drilled  liole  should 
have  run  from  its  proper  locar 
tion. 

A  third  method  is  used 
when  the  bushing  holes  must 
be  located  by  measurement,  or 
when  there  is  no  templet  or 
model  piece.  By  means  of  a  sur- 
face gauge  having  the  point  of 

the  needle  set  at  the  proper  height  from  a  scale  attached  to  an  angle 
iron,  as  shown  in  Fig.  230,  scratch  a  dimension  line  on  the  surface 
which  has  been  colored  with  blue  \itriol.  The  needle  is  first  set 
to  the  height  of  the  locating  rib.     The  scale  attached  to  the  angle 
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Fig.  227. 
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iron  is  adjusted  so  that  the  needle  is  at  the  exact  height  of  one 
of  the  inch  lines  if  possible,  if  not,  at  one  of  the  half  of  quarter 
inch  lines.  The  needle  may  then  be  raised  to  locate  the  center 
of  the  first  hole  and  a  line  scratched  while  the  jig  is  on  edge. 
The  centers  of  the  other  holes  may  now  be  laid  off  on  this  plane, 
after  which  the  jig  may  be  turned  one  quarter  way  around  to 


Fig.  22S. 

■ 

locate  the  hole  from  the  other  measurements.  Where  the  lines 
intersect  prick  punch  the  surface  of  the  jig.  For  this  work  do  not 
use  the  center  punch  made  for  centering  work  to  be  turned  in  the 
lathe.  Use  the  prick  punch  which  should  be  much  lighter  than 
the  ordinary  center  punch ;  Fig.  231  shows  the  two  punches. 
The  point  of  the  i)rick  punch  should  be  ground  in  some  form  of 
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Fig.  229. 

grinder  in  which  it  may  be  held  and  revolved  in  order  that  the 
point  may  be  perfectly  round.  If  this  is  not  done  it  will  be  im- 
possible to  get  the  point  of  tlie  center  indicator  to  run  true  when 
attempting  to  true  the  jig  on  the  face  plate  of  the  lathe. 

While  the  above  method  might  be  properly  classed  as  an 
approximate  measurement,  an  experienced  workman  can  locate 
the  bushings  within  a  j&mall  limit  of  variation*     More  accuratQ 
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work  will  reiuU  if  the  height  gauge  is  used  in  laying  off  the 
dimension  lines.  The  bottom  surface  of  the  extension  is  set  to 
the  height  of  the  locating  rib,  as  shown  in  Fig.  232 ;  then  by 
means  of  the  vernier  it  may  be  raised  Lo  the  exaet  height  of  the 


dimension  desired,  and  tlie  line  scribed  by  means  of  the  point  of 
the  extension. 

While  this  method  insures  greater  iiceuraey  in  laying  off 
dimension  lines  and  is  sufliciently  accunit«  for  most  work,  it  is 
open  to  the  objection  that  the  Uio\  nuiker  may  change  the  location 
of  centers  somewhat  when  prick  punching. 

When  precige   measurements  are  desired  many  tool  makers 


Fig.  iU. 


determine  the  location  of  bushing  holes  by  means  of  hardened 
discs  or  buttons.  A  very  common  size.  Fig.  233,  if  J  inch 
diameter,  -^^  inch  thick  and  having  }  inch  hole.  While  it  is  not 
essential  that  the  diameter  be  any  particular  size,  it  must  be  some 
fraction  divisible  by  two  without  a  remainder,  as  one  half  the  size 
of  the  disc  is  considered  in  all  computations.     If  the  disc  is  .500 
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inch  diameter,  .250  inch  is  the  decimal  to  be  considered  ;  bat  if 
the  disc  were  ^^  (.5625)  inch  diameter  it  would  be  necessary  to 
consider  the  decimal  .28125  in  all  computations.  In  locating  the 
disc  most  of  the  measurements  are  made  with  the  vernier  caliper, 
and  as  the  tool  is  not  graduated  to  read  closer  than  .001  inch  it 
would  be  impossible  to  consider  the  fractions  of  a  thousandth  of 
an  inch ;  consequently  discs  .500  inch  diameter  are  generally  used. 


Fig.  288. 


The  locations  of  the  different  holes  are  laid  off  by  means  of  the 
surface  gauge,  setting  the  needle  to  the  scale  fastened  to  an  angle 
iron  as  already  described.  The  holes  are  drilled  and  tapped  for 
a  screw  somewhat  smaller  than  the  hole  in  the  discs.  The  discs 
are  now  attached  to  the  jig  by  means  of  screws.  As  the  screws 
do  not  fill  the  holes  in  the  discs,  they  may  be  moved  until  properly 
located.  Fig.  284  shows  a  jig  having  the  discs  located  in  relation 
to  the  stops. 

After  properly  locating  a  disc  at  each  point  where  a  bushing 
is  desired,  the  jig  may  be  fastened  to  the  face  plate  of  the  lathe. 


in 
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The  jig  must  be  so  located  on  the  face  plate  that  one  of  the  discs 
will  run  perfectly  true.  This  may  be  determined  by  a  test  indi- 
cator operating  on  the  outside  of  a  button,  as  shown  in  Fig.  235. 
After  locating  so  that  the  disc  runs  exactly  true,  the  disc  may  be 
removed  and  the  hole  bored  to  the  required  size.     The  jig  may 

now  be  moved  to  bring  another  disc  to 
the  proper  location,  after  which  it  may 
be  removed  and  the  hole  bored ;  this 
operation  may  be  repeated  until  all  the 
bushing  holes  are  bored. 

When  jigs  are  made  for  permanent 
equipment,  or  if  they  are  to  be  used 
constantly,  it  is  well  to  provide  some  means  of  raising  them 
from  the  drill  press  table  to  avoid  inaccuiute  work  occasioned  by 
chips.  When  the  jig  is  made  of  cast  iron,  the  legs  are  some- 
times cast  solid  with  the  jig  as  shown  in  Fig.  236.  In  order  to 
grasp  a  jig  handle  in  a  manner  that  will  not  be  tiresome  to  the 
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Fig.  233. 


Fig.  234. 


wrist  or  hand,  and  allow  sufficient  room  between  the  handle  and 
the  table  of  the  drill  press  so  that  the  fingers  may  not  be  cut  by 
chips,  the  legs  are  made  of  a  length  that  will  raise  the  handle 
about  Ij  inches  above  the  table.  As  cast-iron  legs  of  this  length 
would  be  too  weak,  it  is  customary  to  make  the  legs  of  tool  steel 
hardening  the  ends  that  come  in  contact  with  the  drill  press  table. 
While  the  form  of  jig  shown  in  Fig.  222  would  give  satisfac- 
tion on  certain  classes  of  work,  the  process  of  putting  the  work  in, 


and  taking  it  out  of  the  jig  would  be  very  alow,  as  it  would  Ije 
necessaiy  to  clamp  the  work  securely  to  resist  the  presBure  of  the 
catting  tools. 

In  order  that  work  may  be  handled   rapidly  during  these 
operations,  jigs  are  designed  so  that  the  work  will  rest  on  the  baee 


of  the  jig  as  shown  in  Fig.  237.  A  leaf  or  cover  containing  the 
hushings  can  be  raised  when  putting  the  work  in  place  and  taking 
it  out. 

When  the  pieces  tn  be  drilled  are  of  a  uniform  thickness  the 


L 


\j J 


Pig,  2311. 

lenf  miiy  be  made  to  rest  on  the  piece.  But  should  the  pieces 
vary  in  thickness  the  leaf  would  not  be  parallel  to  the  base ;  con- 
sequently the  hole  in  the  hushing  would  not  be  at  right  angles  to 
the  piece  to  be  drilled.  For  tliis  reason  a  little  space  is  left 
between  the  top  of  the  piece  to  be  drilled  and  the  bottom  of  the 
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leaf,  as  shown  in  Fig.  238  ;  a  steady  pin  having  a  shoulder  is 
located  at  the  handle  end  of  the  jig.  The  npper  en^  of  pin  may 
project  into  a  hole  in  the  leaf  as  shown  thus  relieving  any  strain 
on  the  joint  of  the  jig  occasioned  by  the  action  of  the  cutting 
tools. 

When  holes  are  to  be  drilled  from  opposite  sides  of  a  piece 
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Fig.  237. 

of  work,  as  shown  in  Fig.  239,  a  jig  may  be  constructed  having 
legs  on  both  upper  and  lower  sides,  but  both  sets  of  legs  should 
be  solid  with  the  base  as  shown  in  Fig.  240. 

If  the  two  end  holes  in  Fig.  239  are  of  the  same  size  and  it 
is  necessary  to  use  a  drill  press  having  but  two  spindles,  the  legs 
on  each  side  should  be  of  a  length  that  would  make  it  possible  to 
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set  the  stops  so  that  the  drill  would  cut  the  required  depth  on 
each  side.  If  u  drill  press  having  three  or  more  spindles  is  to  be 
used,  the  jig  legs  may  be  of  a  convenient  length,  as  two  drills 
of  the  same  diameter  can  be  used  in  two  different  spindles,  each 
one  to  drill  tlie  recjuired  depth  when  the  stop  is  set. 

Drill  jig  legs  are  generally  made  of  tool  steel  and  are  screwed 
into  the  base  of  the  jig:  the  thread  on   the  legs  sliould  be  a  good 
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fit  in  the  base.     After  screwing  in  place  the  ends  of  the   legs 

should  be  machined  to  length  by  milling  or  planing ;  the  legs  may 

then  be  removed  and  the  ends  that  come  in  contact  with  the  drill 

press  table    hardened.     The    legs 

may  now  be  polished    (if  that  is 

allowable)    and    then   screwed    in 

place.     The  ends    should  now  be 

ground  to  such  a  length  that  the 

surface  where  the  work  is  seated 

will  be  of  the  correct  height  above 

the  drill  press  table. 

Grinding  the    ends    of  the 
legs  can  best  be  done  in  a  surface 

grinder,  or  some  form  of  universal  grinder  designed  for  surface 
grinding.     After  grinding,  the  ends  of  the  legs  may  be  lapped  to 
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remove  any  irregularity  that  may  result  from  grinding.  A  very 
good  lap  may  be  made  from  a  flat  plate  or  block  of  cast  iron.  The 
surface  to  be  used  may  Ije  planed  flat  and  smooth,  then  a  series  of 
grooves  cut  to  form  squares,  as  shown  in  Fig.  241.  These  grooves 
may  he  cut  wjth  a  V-shaped  tool  and  should  be  ^  inch  to  j}^  inch 
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to  j)^  inuh  deep.     The  grooves  catch  the  emery  and  feed  it  to  the 
work  being  lapped.     If  the  pressure  is  not  equul  one  1^  may  bn 


cut  shorter  tlian  the  other,  or  may  be  lapped  out  of  true,  oauBiog 
the  jig  to  rock. 
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Fastening  Devices.  Various  devices  are  used  to  fasten  the 
leaf  of  a  jig  to  hold  the  work  in  place  or  to  clamp  the  leaf  in  po- 
sition. The  forms  used  depend  upon  the  class  of  work  being 
operated  on. 

If  the  leaf  must  be  fastened  solidly  and  the  amount  of  time 
consumed  is  not  of  great  importance,  some  form  of  screw  clamp 
may  be  used.  If,  liowever,  the  work  nmst  be  handled  rapidly, 
the  clamping  device  is  generally  operated  by  some  form  of  a  cam. 
However,  a  screw  clamp  may  be  designed  to  work  quite  rapidly. 


Fig.  242. 

Fig.  242  shows  a  screw  clamp  which  consists  of  a  screw  which  has 
a  hole  drilled  through  it  to  receive  a  pin  which  is  used  as  a  lever 
to  operate  the  screw.  The  screw  is  necked  ^^  inch  deep,  the  neck- 
ing being  ^  inch  wide ;  a  flat  washer  is  attached  to  the  leaf  of  the 
jig  by  a  small  screw  as  shown.  A  slot  of  the  width  of  the  screw 
is  cut  in  this  washer  in  order  to  allow  it  to  slide  back  and  forth. 
In  the  end  of  the  washer  is  a  slot  the  width  of  the  bottom  of  the 
necking  in  the  screw.  The  other  end  of  the  washer  is  turned  up 
as  shown,  in  order  to  furnish  a  means  of  pushing  back  and  forth. 
When  the  jig  leaf  is  closed,  the  washer  is  pushed  forward  and  the 
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ends  engage  in  the  slot  in  the  screw.  One  turn  of  the  screw  binds 
it  very  tightly.  When  the  screw  is  given  one  turn  to  loosen  it, 
the  washer  may  be  pushed  back  and  the  jig  leaf  raised. 

If  a  quicker  form  of  clamping  is  desired  a  cam  may  be  used. 
The  form  represented  in  Fig.  240  is  rapid  and  powerful. 

Were  it  not  necessary  to  use  much  power,  but  extreme 
rapidity  of     action      is  desired,  a  hinged  cam  lever  of  the  design 
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shown  in  Fig.  243  may  be  used.  The  cam  lever  is  pivoted  to  the 
base  of  jig  by  means  of  a  pin  as  shown.  The  lever  passes  into  a 
slot  in  the  leaf  and  the  bearing  surfaces  on  the  under  part  of  the 
head  come  in  contact  with  the  inclined  surfaces  at  the  end  of 
the  leaf. 

Bushings.      Bushings  of  hardened  tool  steel  are  made  for  a 
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permanent  means  of  guiduig  the  cutting  tools,  'ilie  hole  in  the 
bushing  is  made  to  fit  the  cutting  tool  that  is  to  be  guided.  There 
are  various  forms  of  bushings ;  the  plain  straight  foi  in  shown  in 
Fig.  244  is  sometimes  used,  but  is  objectionable  because  it  may  be 
pushed  into  the  jig  if  the  cutting  tool  is  too  large  to  pass  through 
the  hole. 

To  overcome  this  tendency  they  are  sometimes  made  tapering 
on  the  outside  as  shown  in  Fig.  245,  but  as  this  is  an  expensive  form 
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to  make,  and  as  it  is  an  extremely  difficult  opemtion  to  bore  the 
bushing  hole  in  the  jig,  this  form  is  not  generally  used  for  per- 
manent bushings.  ^ 

The  most  common  form  of  bushing  is  straight  with  an  en- 
larged portion  or  head.  When  no  allowance  is  made  for  grinding 
on  the  outside  it  is  commonly  made  of  the  form  shown  in  Fig. 
246.  If  the  shoulder  under  the  head  is  square,  it  is  likely  to 
ci-ack  at  the  sharp  corner,  or  the  head  may  be  broken  off  when 
being  forced  in  position.  In  order  to  avoid  these  difficulties  a 
fillet  is  left  under  the  head  as  shown  in  Fig.  247. 

When  it  is  essential  that  the  location  of  the  drilled  hole  or 
portion  of  the  piece  l^ing  machined  in  the  jig  be  exact  as  to  loca- 
tion, the  tool  must  fit  well  in  the  bushing  ;  and  as  the  size  and 
shape  of  the  bushing  is  likely  to  change  when  hardening,  it  is 
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advisable  to  leave  enough  stock  to  grind  to  size  both  inside  and 
out.  It  is  essential  that  the  outside  of  the  bushing  be  exactly 
concentric  with  the  inside.  After  grinding  and  lapping  the  hole 
to  size,  the  bushing  may  be  placed  on  a  mandrel  which  runs  true 
and  the  outside  ground  to  size.  When  machining  a  bushing  which 
is  to  be  ground  on  the  outside  it  is  necessary  to  neck  in,  under  the 
head,  as  shown  in  Fig.  248,  in  order  that  the  emery  wheel  may 
pass  entirely  over  the  part  being  ground  and  insure  a  straight  sur- 
face. The  underside  of  the  head  which  rests  on  the  upper  surface 
of  the  jig  should  be  ground  in  oixler  that  it  may  be  true  with  the 
surface  of  the  jig. 

When  grinding  a  bushing,  a  mandrel  should  be  used  which 
has  been  tested  for  truth.  The  mandrel  should  be  straight  or  of 
very  slight  taper.  If  the  taper  is  considerable,  one  end  of  the  hole 
in  the  bushing,  will  not  fit  and  the  outside  of  the  bushing  will  not 
be  concentric  with  tlie  hole,     (consequently  no  matter  how  care- 
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fal  the  tool  maker  miglit  be  id  laying  out  hia  work  and  in  boring 
the  boles  for  the  bushings  the  jig  will  not  be  accurate. 

Size  of  Bunhinga.  The  outside  diameter  of  a  bushing  is  often 
determined  by  the  design  of  the  jig;  for  instauce,  two  boles  are 
often  located  so  near  each  other  that  it  is  impossible  to  make  the 
bushings  much  larger  than  the  holes  through  them.  Wherever 
possible  the  outeide  diameter  Bbould  be  made  enough  larger  than 
the  hole  to  leave  a  reasonably  thick  wall.  A  bushing  with  thin 
walls  is  likely  to  close  in  when  being  pressed  to  its  seating ;  then 
i^in,  if  a  cutting  tool  binds  in  a  bushing  with  thin  walls,  the 
bushing  becomes  loose  and  turns  in  the  jig. 


Fig.  249. 


Fig.  250. 


Removable  Bushings.  It  is  sometimes  advisablo  to  do  two 
or  more  operations  in  the  SHine  jig.  After  drilling  a  hole  it  may 
be  considered  good  practice  to  couuterboro  or  tap  it,  or  possibly  it 
may  lie  better  to  do  the  three  operations  while  the  work  is  sfate<i 
in  the  jig.  In  audi  Ciisea  the  hushing  having  a  hole  the  ei/.e  of 
the  drill  must  lie  removed  and  one  with  a  hole  fitting  the  tool  to 
be  usi'd  inserted. 

A  very  tiitiiple  way  of  making  a  removable  bushing  consists 
in  boring  the  bole  in  the  jig  large  enough  to  rei-eive  a  hardened 
bushing  with  a  hole  the  sine  of  the  outside  of  tlm  bushing  to  be 
used.  If  the  hole  in  the  large  stationary  hutching  and  the  outside 
surface  of  the  removable  bnshing  are  lapped  eniooth  after  grind- 
ing, they  may  Iw  n.-^ed  for  a  long  period  before  wearing  enough  to 
appreciably  aifect  the  location. 

Tapered  removable  bushings  are  eometimea  used  ;  but  on 
account  of  the  expense  of  producing  them  and  the  fact  that  chips 
and  dirt  rc:iililv  tlicow  them  out  of  their  true  locations,  they  art 
not  very  i^umniou. 
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Fig.  249  shows  <a  form  of  removable  bushing  threaded  on  the 
outside  to  fit  a  threaded  bole  in  the  jig.  If  the  thread  on  the 
outside  of  the  bushing  runs  the  entire  length  the  process  of  screw- 
ing it  in  and  out  of  the  jig  is  necessarily  very  slow ;  consequently 
it  is  advisable  to  have  but  few  threads.  The  balance  of  the 
length  may  be  made  to  fit  a  bearing  in  the  jig.  If  it  is  advisable 
to  thread  the  entire  length  as  shown  in  Fig.  250,  the  hole  should 
be  ground  true  with  the  thread  to  prevent  change  of  shape  in 
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hardening.  As  it  is  not  well  to  attempt  to  grind  between  the 
lands  of  the  thread  ^vith  the  facilities  in  the  ordinary  machine 
shop,  it  is  necessary  to  grind  the  hole  true  with  the  thread.  This 
can  be  done  satisfactorily  by  placing  a  piece  of  stock  in  a  chuck 
on  a  lathe  having  a  grinding  attachment. 

After,  drilling  and  boring  the  hole  to  tapping  size,  the  thread 
may  be  chased  so  that  the  bushing  is  a  good  fit  in  the  hole.  It 
may  then  be  screwed  in  and  the  hole  ground  to  size. 

If  the  piece  of  work  is  of  a  shape  that  makes  it  necessary  to 
operate  on  all  sides  and  the  outline  prevents  the  use  of  a  clamp 
jig  of  the  forms  shown,  a  box  jig  must  be  used. 
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A  Box  JisT  is  made  in  the  form  of  a  box ;  the  work  is  located 
in  the  jig  by  means  of  stops  or  locating  points  which  differ  ac- 
cording to  the  nature  of  the  work.  It  is  often  advisable  to  design 
this  form  of  jig  so  that  all  the  holes  in  the  work  may  be  drilled  at 
one  setting ;  that  is,  if  there  are  twenty  holes  in  the  piece,  the  jig 
is  designed  to  allow  drilling  all  the  holes  while  the  piece  is  in  the 
jig.     For  other  work  it  is  advisable  to  make  two  or  more  jigs  t^ 
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Fig.  252 


drill  the  holes;  this  is  the  ease  when  some  part  of  the  piece  is  to 
be  machined  after  one  or  more  holes  are  drilled  but  before  drill- 
ing the  others. 

In  Fig.  251  a  piece  of  work  is  shown  (three  eighths  size) ; 
through  the  piece  it  was  necessaiy  to  drill  three  1-inch  holes  as 
shown  at  A,  A  and  R.  As  it  was  necessary  to  have  the  holes 
A  A  an  cxart  distance  from  B  it  was  found  by  experience  that 
much  letter  results  could  be  obtained  if  the  hole  marked  B  was 
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drilled  and  reamed  in  a  jig,  the  piece  taken  out  of  the  jig  and  the 
portions  marked  C  and  C  milled  in  exact  relation  to  the  hole  li 
and  as  nearly  at  right  angles  with  the  side  of  casting  marked  D 
as  possible.  After  milling  the  portions  C  C,  as  described,  the 
piece  was  placed  in  another  jig  locating  it  by  the  hole  B  and  the 
surfaces  C  C ;  the  holes  A  A  were  then  drilled  and  reamed.  In 
Older  to  drill  the  hole  B  the  jig  shown  in  Fig.  252  was  used. 
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Fig.  263. 

The  piece  was  placed  in  the  jig  with  the  rounded  surface  E  rest- 
ing in  two  V  blocks  as  shown  at  A.  It  was  located  by  means  of 
the  fixed  stop  screw  B  and  forced  against  A  by  the  screw ;  it  was 
held  in  position  by  the  sci-ew  E  which  was  located  in  the  strap  D. 
This  strap  was  removed  when  putting  a  piece  of  work  in  the  jig, 
or  taking  it  out.  As  it  was  necessary  to  have  the  hole  straight 
and  true  with  the  locating  points,  it  was  reamed  with  a  single  li[) 
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reamer  having  a  pilot  as  shown  in  Fig.  253.  The  hole  was 
drilled  somewhat  smaller  than  finish  size  {^^  inch) ;  the  reamer 
was  entered  in  the  hole,  the  pilot  fitting  the  bushing  G.  While 
the  lx)dy  of  the  reamer  fits  the  bushing  F,  as  previously  ex- 
plained, the  sinorh'  lip  ie;imer  acts  on  the  same  principles  as  a 
boring  tool  used  in  the  engine  lathe;  the  result  being  a  hole 
straight  and  true.  As  it  is  necessary  to  have  the  hole  in  the 
upper  bushing  of  the  size  of  the  body  of  the  reamer,  and  as  a  drill 
g^  inch  smaller  than  this  size  must  be  used  in  drilling  the  hole,  it 
was  advisable,  in  order  to  properly  start  the  drill,  to  use  a  trans- 
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fer  drill  shown  in  Fig.  254,  the  cutting  portion  A  of  drill  being 
the  size  of  the  drill  to  be  used  in  drilling  the  hole,  while  B  fits 
the  hole  in  the  bushing.  By  means  of  this  drill  a  hole  the  size  of 
the  drill  to  be  used  was  started  in  the  easting  perfectly  true  with 
the  hole  in  the  bushing  yet  somewhat  smaller.  When  the  hole 
had  been  drilled  to  a  depth  of  ^^  or  ^  inch,  the  transfer  drill  wss 
removed  and  a  twist  drill  of  the  proper  size  used  to  finish  the 
drilling.  When  the  piece  of  work  was  taken  from  the  jig  the 
portions  marked  C  C,  Fig.  251,  were  milled  as  explained.  The 
piece  was  then  placed  in  another  jig,  a  pin  which  fits  the  reamed 
hole  passed  through  the  locating  bushings  and  through  the  hole ; 
by  this  means  it  was  located  to  properly  drill  the  other  two  holes. 
The  second  jig  so  closely  resembles  the  first  it  is  unnecessary  to 
illustrate  it. 

PUNCH  AND  DIE  WORK. 

THE  DIE. 

A  die  used  for  punching  a  blank  from  a  sheet  of  metal  is 
termed  a  l)lanking  die,  and  is  generally  considered  as  belonging 
to  one  of  three  classes :  plain  (or  simple)  die,  gang  die  or  com- 
pound die. 

A  set  of  blanking  dies  consists  of  a  male  die  in-  punch  and  a 
female  die  or  die  block.  The  die  block  is  that  pint  of  the  die 
which  has  a  liole  of  the  same  outline  as  the  desired  blank  ;  the 
male  die,  or  punch,  is  of  a  shape  that  fits  the  impression,  or  hole, 
of  the  die  block. 

When  punching  work  on  a  punching  press,  the  stock  is 
placed  on  the  die  and  the  ])unch  forced  through  it  into  the  die; 
this  drives  a  ])iere  of  stock  of  the  same  outline  as  the  hole  down 
into  the  die  block.  Now  as  the  punch  is  forced  through,  the 
metal  in  llie  slieet  closes  on  the  ])unch  and  is  raised  by  it.  In 
order  to  prevent  this  the  die  block  is  provided  with  a  Htripjyr 
plate  (or  stripper).  The  stripper  is  fastened  to  the  die  or  to  a 
shoe  holdint^  the  die  at  a  height  that  allows  the  metal  to  be 
punched  to  pass  freely  between  it  and  the  die.  The  stripper 
nuist  be  stroiii^-  cnoiit^h  to  force  the  stock  from  the  punch  without 
springing,  especially  if  tin*  punch    i^  slender  and   the   stock  thick, 
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because  under  these  eonditiuns  the  punch  would  be  sprung  or 
broken. 

In  order  to  guide  the  stock  over  the  die  and  leave  the  proper 
amount  of  maigin  or  scrap  at  the  edge  of  the  sheet,  a  guide  is  fur- 
nished. The  guide  is  usually  made  of  stock  sufficiently  thick  to 
bring  the  stripper  the  proper  height  above  the  face  of  the  die. 

A  gauge  pin  (or  stop)  is  usually  provided ;  this  pin  is  located 
so  that  the  proper  amount  of  scrap  is  left. 

In  Fig.  255,  A  is  the  die  block,  B  the  hole  through  the  die 
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Fig.  265. 


block  of  the  shape  of  the  piece  to  be  punched,  C  the  stripper,  D 
the  guide  and  E  the  gauge  pin  or  stop. 

Dies  are  held  in  position  on  the  punching  press  bed  by  vari- 
ous methods,  the  most  conunon  of  which  is  by  means  of  the  forms 
of  hold-fast  shown  in  Figs.  256  and  257.  These  die  holders  are 
known  by  various  names,  such  as  chair,  bolster,  chuck  and  die 
h.^ldf-.      Large  dies  are  clamped  to  the  bed  of  the  press. 

Dies  are  usually  beveled  on  the  edges  that  come  in  contact 
with  the  die  holder  to  prevent  their  rising  from  the  seat.  The 
angle  given  to  the  edges  varies  according  to  the  ideas  of  the 
designer.  An  angle  of  10°  from  the  vertical  gives  satisfaction, 
although  some  mechanics  insist  on  an  angle  of  15°  or  even  20°. 

Fig.  258  shows  a  die,  whose  edges  are  at  an  angle  of  10°,  in 
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a  die  holder ;  the  die  being  held  in  place  by  set  screws.  It  is 
generally  considered  advisable  to  place  a  gib  between  the  set 
screws  and  die  as  shown.  Sometimes  the  gib  is  omitted,  the  set 
screws  bearing  directly  on  the  edge  of  the  die.  Some  tool  makers 
prefer  a  die  holder  without  set  screws,  the  die  being  held  in  place 
by  the  gib  which  is  made  wedge-shaped  and  is  driven  to  place, 
thus  securely  holding  the  die. 
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Fig.  258. 


Fig.  269  shows  a  method  of  holding  dies  which  allows  the 
die  to  be  easily  set  in  position  when  rigging  up.  The  die  may 
be  placed  on  the  seating  of  the  die  holder  and  brought  to  the 
proper  location ;  the  set  screws  may  then  be  brought  against  the 
edge  of  the  die,  or  against  strips  of  steel  which  may  be  placed 
l)etween  the  edges  of  the  die  and  the  set  screws. 

When  making  several  dies 
of  equal  width  and  thickness  a 
good  method  is  to  plane  the  two 
sides  of  a  bar  to  remove  the  outer 
surface,  then  bevel  the  edges  to 
the  required  an<:le.  Pieces  may  then  l>e  cut  off  to  any  required 
length  as  wanted. 

The  upper  surface  of  the  die  may  be  finished  smooth  by 
planing  with  a  smoothing  tool ;  it  may  he  ground  in  a  surface 
grinder,  or  it  may  be  finished  with  a  file.  It  is  necessary  to  have 
the  surface  smooth  in  order  to  lay  out  the  correct  shape  of  hole, 
as  it  cannot  be  laid  out  correctly  or  distinctly  on  a  roughly 
machined  surface. 

The  face,  or  upper  surface  of  the  die  is  now  covered  with 
blue  vitriol  solution  and  the  outline  of  the  piece  to  be  punched 
laid  out.     A  die  should  be  laid  out  in  such  a  manner  that  the 
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stock  to  be  punched  may  be  readily  fed  to  the  die.  The  grain  of 
the  stock  should  run  in  the  proper  direction  if  the  product  is  to 
be  a  tempered  spring  or  any  article  where  the  grain  of  the  stock 
must  be  considered. 

After  the  die  has  been .  carefully  laid  out  from  a  templet,  or 
drawing,  all  round  comers  should  be  drilled  with  a  drill  of  the 
proper  size,  and  reamed  from  the  back  side  of  the  die  with  a  taper 


Fig.  250. 


Fig.  200. 


reamer  to  give  the  desired  clearance ;  the  Uilance  of  the  stock  is 
removed  \ry  drilling,  as  shown  in  Fig.  260.  The  method  of  re- 
moving the  center,  or  core,  depends  on  the  custom  practiced  by  the 
individual  die  maker ;  one  may  drill  the  holes  so  that  they  break 
into  one  another.  When  this  method  is  adopted  it  is  advisable 
to  use  a  straightway  (straight  fluted)  drill.     Another  will  drill 


Fig.  261. 

small  holes  and  use  a  counterbore  to  enlarge  to  size ;  the  counter- 
bored  holes  breaking  into  each  other. 

Usually  the  holes  are  drilled  with  at  least  ^  inch  to  ^^  inch 
between  them,  and  then  the  intervening  stock  is  cut  out  with  a 
flat-ended  "hand  broach."  Fig.  261  shows  a  tool  of  this  descrip- 
tion. 

Generally  speaking,  the  last  mentioned  method  is  the  safest 
and  quickest.  After  removing  the  center,  the  die  may  be  placed 
in  a  die  milling  machine  or  a  die  sinking  machine,  and  by  using 
a  milling  cutter  of  the  proper  taper,  the  desired  angle  of  clearance 
may  be  given;  the  amount  of  clearance  varies  with  the  nature  of 
the  work  to  be  done. 
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When  a  die  is  milled  on  a  diu  milling  iiuchiiie  of  the  form 
shown  in  Fig.  262,  the  cutter  spindle  is  underneath  the  die,  the 
face  of  which  is  uppermost,  consequendy  the  milting  cutter  can 
be  made  largest  at  the  shank  end  of  cutting  part,  the  required 
tAper  being  given  as  shown  in  Pig.  263.  If  the  ootline  of  the 
bole  is  milled  on  a  die  sinking  machine,  it  is  necessary  to  use  a 
cutter  of  the  shape  shown  in 
Fig.  264  in  order  that  the  face 
of  the  die  having  the  lines  will 
be  uppermost.  After  work- 
ing the  impression  as  near  to 
shape  as  possible  by  milling, 
it  can  be  finished  by  filing. 
In  order  to  give  the  die  the 
proper  clearance  the  walls 
may  be  gauged  with  a  bevel 
gauge  of  the  form  shown  in 
Fig.  8.  As  the  amount  of 
clearance  differs  in  various 
shops,  and  on  different  classes 
of  work,  no  stated  amount 
can  be  given  for  all  cases; 
tlie  amount  vitries  from  |°  to 
3°.  The  liitter  is  excessive 
and  is  seldom  given  unless  it 
is  necessary  that  the  piece 
punclied  drop  from  the  die 
each  time. 

If  the  die  is  milled  as 
described  above  it  will  be  necessarj-  to  work  all  comew  to  shape 
with  a  file.  If  a  universal  milling  machine  having  a  slotting 
iittuchnient  is  used,  the  curuers  can  be  properly  shaped  and  the 
necessary  clearance  given  Ky  using  suitably  shpaed  cutting  tools, 
and  turning  the  fixture  to  the  proper  angle. 

Fig.  265  shows  a  slotting  fixture  attached  to  a  universal  mil- 
ling machine,  while  Fig.  266  shows  a  fixture  known  as  a  die 
fliaper  which  is  also  attached  to  a  milling  machine. 

Die  blocks  have  their  cutting  edges  beveled  in  order  that  the 
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blftnk  may  be  cut  from  the  stock  bj  a  sheariug  cut.  Shear  is 
given  the  face  of  the  die  to  reduce  the  power  necessiiry  to  cut  the 
blank  from  the  stock  ;  thus  enabling  a  press  to  punch  a  bknk  f roui 
thicker  stock.     It  also  reduces  the  sti-uin  on  the  punch  mid  die. 

The  face  of  the  Jie  is  sheared  when  the  blank,  or  piece  forced 
through,  is  the  product  to  be  saved,  Mut  if  the  piece  surrounduig 
the  bhtnk  iii  to  be  t^aved,  and  the  blnnk  is  of  no  use,  the  face  of 
iJic  die  is  left  perfectly  Hat  and  tlie  end  of  the  punrli  is  sheared. 


PI  Fig.  2fia. 

The  cutting  face  of  the  die  may  be  sheared  by  milling  or  plan- 
ing to  the  desired  angle  wliich  depends  on  the  tliickness  of  the 
stock  to  be  punched  and  also  the  power  of  the  press.  A  common 
method  of  shearing  a  die  is  shown  in  Fig.  267,  which  shows  a  sec- 
tion of  a  die  used  for  punching  a  heavy  spring.  The  end  of  ttio 
punch  is  left  flat.  The  punching  commencing  at  the  center  A,  is 
continued  witli  a  gradual  shearing  cut  as  tlie  punch  descends  until 
it  reaches  the  ends  IllJ,  of  the  oiwning.  The  blank  punched  will 
he  straight  while  tlie  stock  will  bend  .somewhat  uide»s  it  is  quite 
Kliff,  in  whidi  case  it  springs  biti'k  to  shiipe  wlii-u  the  pressum  is 
removed. 


Fig.  2M. 
len  the  punching  inquires  an  amount  of  power  in  excess  of 

ipacity  of  the  press,  as  in  the  c-aac  of  the  foi-ging  shown  in 
Fig.  268.  it  is  necessary  to  trim  llie  flash  occasioned  by  the  proc- 
ess of  drop  forging,  and  at  the  same  time  punch  tlie  end  to  shape 
as  shown  in  Fig.  26!).  It  is  obvious  that  the  material  removed 
is  uf  no  value  as  a  product,  and  as  it  is  necessary  to  use  a 
light  press,  the  die  may  be  given  a  shear  as  shown  in  Fig.  :i70; 
thus  making  it  possible  to  do  the  punching  on  a  press  whose 
capacity  is  not  equal  to  the  job  if  the  die  had  been  sheared  as 

ijn  Fig.  267. 
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Id  order  to  &cilitate  the  operation  of  grinding  tixe  face  of  a 
^ie,  it  is  frequendy  made  with  a  raised  boss  aronnd  Ute  hole  as 
aliown  in  Fig.  271. 

Sectkmal  Dies.   In  order  to  make  it  easier  to  work  dies  to  shape, 

they  are  sometimes  made  in  two  or  .more  pieces;  these  are  fastened 
together  when  in  use.  In  the  case  of  a  plain  die  of  the  form  shown 
in  Fig.  272,  the  die  is  made  in  two  pieces  which  are  held  in  their  rela. 
live  positions  by  the  dowel  pin  at  each  end  as  shown  at  A  and  B. 
When  in  the  die  holder 
they  are  held  leather 
in  such  a  maimer  that 
they  cannot  spread. 
Dies  uf  this  form  should 
have  the  surfaces  that 
go  together  finished 
true ;  the  pieces  should 
then  be  clamped  together 
and  the  dowel-pin  holes 
diilled  and  reamed. 
They  should  then  be 
taken  apart  and  any 
burrs  caused  by  drilling 
and  reaming  removed. 
The  pins  should  now  be 
inserted  and  the  top  and 
bottom  of  the  die  planed. 
The  outlines  of  the  piece 
to  be  punched  may  now  he  laid  out  and  the  round  hole  at  one 
end  drilled  ;  after  which  it  should  be  reamed  from  the  back  with  a 
taper  reamer  to  givo  eleai-aiit-f,  TJie  die  may  now  be  taken  apart, 
iind  the  opening  cut  out  on  the  planer  or  shaper ;  the  sections  of 
the  die  being  held  ;it  the  proper  angle  t<i  give  the  desired  amount 
of  clearance.  .Vftt-r  pliicing  ibe  two  pieces  together  tlie  opening 
may  lie  finished  wilh  a  file  iuid  scraper  to  the  templet. 

To  hold  the  die  together  securely  it  is  necessary  to  use  a  die 
holder  of  the  form  shown  in  Fig,  273,  The  die  is  represented  in 
place  in  the  holder  which  is  held  in  the  bolster  which  is  in  turn 
attached  to  the  bed  of  the  press.     When  the  die  is  finished  to  the 
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templet  niid  the  proper  <?leiii~.uire  given,  make  siii'e  tlinl  the  walls  oi 
the  opening  ure  straight  (not  crowning),  altKiiii<;;li  it  is  not  alwuVii 
considered  advistible  to  uurry  tlie  L^leamnce  U>  Die  edge,  as  the  size 
of  the  opening  would  then 
increase  eveiy  time  the  die 
was  sharpened.  In  such 
CHses  the  clearance  «■  xtends 
from  the  bottom  to  witliin 
a  short  distance  (about  J 
inch)  of  the  cutting  surface 
as  ehown  in  tlie  sectional 
view,  Fig.  274.  In  this 
figure  the  clearance  in  ex- 
aggerated in  order  to  illus- 
trate the  idea. 

The  walls  of  the  upper 
part  of  the  opening  are  at 
right  angles  to  the  iinse  of 
the  die.  but  tiiey  niuBt  lie 
straight,  thiit  is,  not  crown- 
ing ;  because  if  the  opening 
is  wide  enougli  to  allow  tlie 
punch  to  pass  through  the 
crowned  pait,  the  stock,  if 
thin,  would  !«  likely  to  leave  tlie  blank  witli  r^ged  edges  which 
would  extend  up  on  the  sides  of  the  punch  and  have  a  tendency 
to  bui^t  the  die. 

Before  hardening,  the  stiipper  aud  gmde-suiew  holes  shoidd 
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t»*  drilled  and  tapped  and  the  hole  drilled  for  ihe  gauge  pin,  or 
I  fitfip.  If  the  iiaiiie  of  the  part  to  lie  punched,  or  the  siiidf  nunilier 
]*'^  the  die  are  to  be  stumped  it  may  Iw  done  now.  Afti'mll  sii-ew 
/"»lea,  stop-pin  holes,  etc.  are  fiUetl  with  fire  clay  mixed  with  water 
E^^^p  consifltency  of  dough,  the  die  is  ready  for  hardening.     Ex- 
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tretne  care  should  l)e  exercised  when  heating  a  die  for  liardening: 
it  should  be  no  hotter  than  is  necessary  to  accomplish  the  desired 
result,  and  the  heat  should  l)e  uniform  throughout ;  the  corners 
must  be  no  hotter  than  the  middle  of  the  piece  and  the  outside 
surface  must  be  of  the  same  temperature  as  the  interior  of  the 


Fig.  268. 

steel.  The  water  in  the  liath  should  be  slightly  warmed  to  pre- 
vent any  tendency  to  crack.  The  die  should  be  lowered  into  the 
bath  and  swung  back  and  forth  gently  so  that  the  bath  may  pass 
through  the  opening,  and  harden  the  walls.  As  soon  as  the 
^singing"  ceases  it  may  be  removed  and  plunged  into  a  tank  of 


Fig.  269. 

oil  and  allowed  to  remain  until  cold.  It  may  then  be  brightened 
and  the  temper  drawn.  If  more  than  a  few  minutes  is  to  inter- 
vene between  the  time  the  die  l)ecomes  cold,  and  commencing  to 
draw  the  temper,  it  should  be  held  over  a  fire  or  placed  where  it 


V\g.  270. 

can  be  heated  to  remove  tlie  internal  strains  which  have  a  tendency 
to  crack  tlic  piece. 

A  v(»ry  common  method  of  drawing  the  temper  of  dies  and 
similar  pieces,  is  to  heat  a  piece  of  iron  to  a  red  heat  and  place  the 
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hardened  piece  on  it  leaving  the  face  of  the  piece  uppermost. 
Experience  has  taught  the  writer,  however,  that  this  method  of 
treatment  is  too  hai*8li  f<>r  hardened  steel,  especially  if  the  job  is 
in  the  hands  of  one  not 
thoroughly  experienced. 
One  side  of  the  pi(H;e  is 
subjected  to  an  intense 
heat  while  the  opposite  side 
is  exposed  to  the  cooling 
effects  of  the  air.  If  an 
open  tile  is  used  a  plate 
may  be  set  on  the  fire,  an<l 
the  die  placed  on  the  plate 
before  it  is  hot ;  unw  tho 
temperature  of  the  plate 
may  be  raised  gradually, 
turning  the  die  occasion- 
ally.   In   this  manner  the 


Fig.  271. 


temper  may  be  drawn  to  the  desired  degree  with  safety.  When 
such  a  fire  is  not  available  two  plates  may  be  used,  one  heating 
while  the  other  is  in  use.     The  firat  one  should  not  be  very  hot. 
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Fig.  272. 

the  next  somewhat  hotter,  and  so  on  until  the  die  is  drawn  to 
the  desired  color. 

When  a  die  of  such  a  shape  that  is  likely  to  give  trouble,  is 
to  Ije  hardened  much  more  satisfactory  results  will  follow  if  the 
"Pack  Hardening"  process  is  used.  Run  the  dies  from  1  to  o 
hours  in  the  fire  after  they  are  red  hot,  then  dip  in  raw  linseed  (»il. 
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THB  PUNCH. 

The  punch  is  used  to  foroe  the  metal  through  the  die  thus 
producing  pieces  of  the  desired  shape. 

In  the  case  of  small  plain  dies  the  punch  is  generally  made 
of  the  form  shown  in  Fig.. 275.  The  end  A  is  of  the  same  outline 
as  the  opening  in  the  die,  the  shoulder  B  which  beai-s  against  the 
shoulder  of  the  punch  holder  takes  the  thrust  when  the  punch  is 
working.  The  shank  fits  the  hole  in  the  punch  holder,  or  in  the 
ram  of  the  press. 
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Fig.  273. 

It  is  customary  in  most  shops  in  this  countiy  to  make  the  die 
to  a  drawing,  or  templet,  and  then  harden  it;  after  which  the 
punch  is  fitted  to  it. 

In  the  case  of  a  punch  for  a  plain  die,  the  templet  may  be 
used  in  laying  out  tlie  punch.     If  the  shape  of  the  opening  in  the 
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die  is  the  same  on  each  side  as  shown  in  Fig.  276  and  the  die  does 
not  change  shape  in  liardenirig  the  templet  may  be  used  either  side 
next  to  the  face  of  punch,  but  if  the  outline  is  of  the  form  shown 
in  Fig.  277,  it  will  be  necessary  to  exercise  care  when  laying  out 
the  face  of  the  punch  from  a  templet,  because  the  side  of  the 
templet  placed  against  tlie  face  of  the  punch  when  laying  it  out 
will  l)e  opposite  the  ime  that  would  l)e  plaeed  against  the  face 
of  the  die  when  lavinj^  that  out. 
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In  order  to  obviate  this  trouble  many  tool  makers  lay  out  the 
face  of  the  punch  from  the  opening  in  the  die  before  beveling 
the  face  for  shear.  In  order  to  hold  the  punch  and  die  together 
so  that  there  will  1)e  no  danger  of  the  punch  slipping  while  the 
required  shape  is  being  transferred,  a  die  clamp  of  the  form  shown 
in  Fig.  278  should  be  used. 

The  punch  blank  should  be  machined  on  both  ends  and  the 
shank  turned  to  size ;  the  end  which  is  to  fit  into  the  opening  in 
the  die  should  be  finished  with  a  smooth  flat  surface  which  should 
be  colored  with  blue  vitriol.  After  coloring,  it  may  be  clamped  to 
the  face  of  the  die  by  means  of  the  die  clamp  and  the  outline  of  the 
punch  marked  on  the  face  by  scribing  through  the  opening  in 
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Fig.  277. 


the  die.  This  outline  should  be  accurately  marked  with  a  sharp 
pointed  prick  punch  as  the  scribed  line  is  likely  to  become  obliter- 
ated by  the  various  operations  of  machining  the  punch  to  shape. 

After  the  outline  h<as  been  carefully  prick  punched,  the  punch 
may  be  milled  or  planed  to  shape  leaving  stock  enough  at  all  points 
to  fit  the  die.  If  the  die  is  to  be  beveled  for  shear,  it  should  now 
be  done  and  tlien  hardened  before  fitting  the  ])unch. 

The  punch  should  be  machined  close  to  the  lines  and  then 
placed  over  the  hardened  die  and  forced  into  it  a  little  (about  ^'g 
inch).  This  is  termed  "shearing  in,''  and  is  the  custom  generally 
employed  in  this  country. 

After  the  punch  has  been  sheared  in  for  a  short  distance  it 
may  be  removed  and  worked  to  size  by  means  of  chisel,  file  and 
scraper  to  the  ^*  witness ''  mark  as  the  portion  sheared  in  is 
termed,  the  operation  of  shearing  may  be  repeated  until  the  punch 
enters  the  entire  length. 

Fit  of  Punch  and  Die.     If  the  material   to  be  punched  is 
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thin  ( r  soft,  it  is  necessary  to  make  the  punch  a  closer  fit  in  the 
die  than  if  the  stock  is  heavy  or  very  stifiE.  Thin  stock  requires  a 
punch  nicely  fitted  to  the  die  in  order  to  avoid  ragged  edges  on 
the  punched  blank.  When  punching  stock  J  inch  in  thickness, 
the  punch  may  be  ^^^  incli  smaller  than  the  die  ;  if  the  stock  to 
be  punched  is  very  stiff  there  may  be  a  greater  difference,  how 
ever,  the  exact  amount  depends  on  the  nature  of  the  material  tu 
be  used  and  the  character  of  the  tool. 

After  the  punch  has  been  fitted  to  the 
die,  the  cutting  end  should  be  faced  off  to 
insure  a  good  working  surface  and  sharp 
edges.  Any  distinguishing  names  or  marks 
necessary  should  be  stamped  on  it,  after 
wliich  it  is  ready  for  hardening. 

Hardening^  the  Punch.  Punches  are 
hardened  by  heating  in  a  muffler  furnace,  or 
in  a  clear  charcoal  fire,  to  a  low  red  and  cool- 
ing in  water  or  brine,  prefembly  the  latter. 
Punches  whose  form  insures  strength  need 
be  hardened  only  on  the  end;  the  hardening 
should  not  extend  quite  back  to  the  shoulder 
or  shank.  Small,  slender  punches  are  some- 
times hardened  the  entire  length,  especially 
if  they  are  to  punch  stock  nearly  as  thick  as 
the  diameter  of  the  punch ;  in  which  case  the  punch  would  become 
upset  when  used,  if  it  were  not  hard  the  entire  length. 

It  is  generally  considered  good  practice  to  have  the  punch 
softer  than  the  die ;  on  this  account  the  punch  is  generally  diBwn 
to  a  color  that  insures  this  result.  If  a  die  is  drawn  to  a  straw 
color,  the  punch  is  drawn  until  it  assumes  a  <listinct  purple,  or 
even  a  1)1  ue  color. 

The  punch  is  sometimes  left  soft,  not  hardening  it  at  all. 
When  this  is  done,  it  can  be  upset,  and  refitted  when  worn.  As 
this  would  not  work  satisfactorily  in  many  cases,  it  can  be  advo- 
cated only  when  it  would  be  considered  advisable  to  use  a  noft 
punch. 

It  is  sotiictinies  necessary  to  punch  a  hole  in  a  piece  of  work 
that  has  lu'eii  nuuhined  to  some  <^ivcn  shape.      The  piece  is  placed 


Fig.  278. 
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on  the  face  of  tlie  die  against  locating  points,  or  in  an  oi)ening  in 
a  gauge  plate;  the  oi>ening  being  of  the  same  outline  as  the  piece 
of  work.  In  Fig.  279  is  shown  a  blank  intended  for  a  gun-sight 
leaf;  A  shows  the  blank  before  the  rectangular  hole  is  punched, 
while  B  represents  the  leaf  after  punching.     The  hole  is  punched 


B 


FiK.  270. 

somewhat  smaller  than  finished  size,  enough  stock  being  left  to 
work  to  size  with  broaches. 

When  punching  work  of  this  description,  it  is  necessary  to 
leave  the  face  of  the  die  flat ;  the  punch  is  sheared  as  shown  in 
Fig.  280.     The  piece  punched  from  the  leaf  is  of  no  value  in  this 


I 


I 


Fig.  280. 

ease,  consequently  the  face  of  the  punch  is  l)eveled,  and  the  face 
^f  the  die  is  left  flat  in  order  that  the  sight  leaf  may  l)e  straight 
after  punching. 

When  a  die  and  punch  arc  to  be  used  for  an  operation  simi- 
lar to  the  one  descril^d  alK)ve,  it  is  necessary  to  make  a  stripper 
^'  a  fomi  that  allows  the  pieces  to  be  easily  placed  in  position  and 
removed.     As  the  piece  which  is  punched  is  likely  to  increase  in 
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width  from  the  operatioD,  it  is  advisable  to  have  stops  or  a  guide 
on  one  side  only  in  order  to  allow  tlie  piece  to  be  readily  removed 
after  it  is  punched.  Fig.  281  shows  the  s.ime  die  with  stripper 
and  guide  attached.  The  stripper  is  raised  sufficiently  from  the 
die  to  allow  the  work  toi>e  readily  inserted.  A  gauge  pin  is  fur- 
nished for  the  end  of  the  piece  to  determine  the  position  of  the 
slot  in  relation  to  the  end  On  one  side  is  furnished  a  guide 
against  which  the  piece  rests  to  bring  the  slot  central.  The  piece 
is  held  against  the  guide  by  means  of  a  screw  driver,  a  thin 
piece  of  steel,  or  a  piece  of  wood 


jEm 


When  a  piece  is  to  be  punelied  and  its  size  does  not  allow  of 
H  stripper  being  attached  to  the  die  as  !ii  the  jirevious  example, 
the  stripper  may  Ite  attitohed  to  the  punch  us  shown  in  Fig.  28'J. 
It  is  made  in  such  a  uianuer  that  the  stripper  plate  descending 
with  the  punch  conies  in  omitact  with  the  piece  being  operated  oil 
and  remains  stationary.  Between  the  stripper  plate  and  the 
punch  iKilder  are  coil  springs  which  are  cumpi-esscd.  Tlie 
punches  pass  tlirougli  and  ictuni.  Tlie  stripper  being  forceJ 
downward  by  the  action  of  the  springs  forces  the  blank  from  the 
punches.     The  gauge  plate  which  is  securely  fastened  to  the  dia 
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by  means  of  screws  and  dowel  pins  as  shown,  has  an  opening  of 
the  same  general  outline  as  the  blank  but  somewhat  larger  in 
oi*der  that  the  blank  may  be  easily  put  in  place  and  removed. 

GANG  DIE. 

The  gang  die  is  used  when  punching  a  blank,  together  with 
any  holes  it  is  necessary  to  have  in  the  blank,  without  being 
obliged  to  handle  the  pieces  twice  as  would  be  the  case  if  they 
were  "blanked"  at  one  operation  and  the  holes  punched  at 
another.  Two  operations  would  be  necessary  if  a  punch  and  die 
of  the  form  shown  in  Fig.  282  were  used. 


Fig.  882. 

A  common  design  of  a  gang  die  is  shown  in  Fig.  283  which 
represents  the  piece  operated  on  in  Fig.  282.  This  die  not  only 
punches  the  holes  but  cuts  the  blank  from  the  sheet.  The  stock 
is  fed  from  right  to  left.  The  two  holes  are  punched  first  and 
the  stock  is  then  fed  along  and  the  blank  punched.  At  the  same 
time  the  two  holes  are  punched  for  the  next  blank  to  be  cut. 
When  the  first  two  holes  are  punched  in  a  strip  of  stock,  the 
sheet  is  placed  against  the  guide  C,  the  end  piojecting  slightly 
over  the  edge  of  the  opening  E.  As  the  punches  descend  the 
holes  F  and  F^  are  punched,  and  the  end  of  the  sheet  is  trimmed 
to  length  to  stop  at  gauge  pin  D,  which  should  be  located  about 
.010  inch  farther  to  the  left  than  the  proper  location  for  punch- 
ing.    The   center  pins  as  they  enter  the  holes  draw  the  stock 
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back  to  the  proper  location.  It  is  obvious  that  the  punch  A  must 
be  a  trifle  longer  than  the  punches  B^  and  B.  Were  the  small 
punches  longer  than  A  or  even  of  the  same  length  they. would 
hold  the  stock  in  such  a  manner  that  the  centering  pins  could  not 
locate  it,  and,  again,  the  centering  pins  striking  on  one  edge 
of  the  hole  would  s{K)il  the  blank  punched  and  probably  the  pins 
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Fig.  283. 

would  be  broken.  The  centering  pins  must  not  be  a  tiglit  fit  in 
the  holes  or  the  punched  blank  will  stick  to  the  pins  and  return 
with  the  punch.  By  carefully  fitting  the  pins  to  a  punched  hole 
they  may  be  fitted  close  enough  to  insure  punching  within  a  very 
small  limit  of  variation.  In  fact  for  most  classes  of  work  it  is 
iX)S8ible  to  punch  near  enough  to  standards  for  all  practical 
purposes. 
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When  punching  work  with  gang  dies  of  the  design  shown  in 
Fig.  283,  it  is  easily  seen  that  in  the  case  of  work  being  punched 
from  strips  wider  than  is  necessary  to  get  out  two  punchings,  the 
scrap  left  between  must  be  removed  by  some  means.     This  is  fre- 


Fig.  284. 

quently  done  by  a  large  lever  shear,  or  a  pair  of  power  shears ; 
this  is  a  costly  operation  where  many  pieces  are  punched  at  a  time. 
To  do  away  with  this  extra  cost,  dies  are  made  having  an  extra 
opening  and  a  punch  working  into  this  cuts  away  the  surplus 
stock,  or  scrap,  leaving  the  edge  of  the  sheet  straight  and  in  con- 
dition to  rest  against  the  guide.     In  Fig.  284  the  opening  A  is  the 
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trimming  die;  the  punch  working  in  this  cuts  Away  the  scrap 
leaving  the  edge  of  the  sheet  straight. 

MULTIPLB   DIB. 

When  making  a  die  for  punching  pieces  whose  outline  will 
allow  it,  it  is  sometimes  advisable  to  make  several  openings  of  the 
same  outline  so  arranged  that  as  many  pieces  may  be  punched  at 
a  time  as  there  are  openings  in  the  die  block.  If  the  work  is 
punched  in  large  quantities  a  great  saving  can  be  effected  in  the 
cost  of  production  by  the  use  of  this  form  of  die. 

Where  perforated  sheet  metal  work  is  manufactured  it  is  cus- 
tomary to  make  dies  having  as  many  as  500  punches  working  into 
one  die  block  at  a  time,  but  as  this  is  an  unusual  application  of 
this  principle  it  will  not  be  considered. 
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Fig.  286.  Fig.  280. 

If  it  is  neees&iry  to  punch  10  holes  in  the  piece  shown  in 
Fig.  285  a  die  can  be  made  having  this  number  of  openings. 
Then  by  making  a  punch  holder  having  an  equal  number  of 
punches  proj>erly  liKuted  all  the  holes  can  be  punched  at  one 
stroke  of  the  pivss. 

While  in  the  ease  just  cittnl  the  piece  of  stock  which  had  the 
holes  punched  in  it  is  the  pnxluct,  the  punchings  being  scrap, 
the  same  principle  may  be  applied  to  piuiching  blanks  from  a  sheet 
of  st^H'k  by  means  of  a  multiple  die. 

The  desii^n  shown  in  Fig.  28l>  is  the  product  in  a  shop  wher 
many  thousands  of  this  piece  are  used  monthly.     The  die  produo 
a  dozen  or  more  blanks  at  eaoh  stroke  of  the  press ;  but  for  co 
venience  in  UluatnitiQg  the  die  and  punches,  it  shows  but  fc 
openings  ip  ttding  number  of  punches,    i 

Fig-ar 
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If  a  die  were  made  with  the  openings  near  enough  tojrethet 
to  punch  the  stock  as  shown  in  Fig.  288  there  would  be  so  little 
stock  between  the  openingH  that  the  die  would  not  stand  up  when 
used ;  for  this  reason  the  openings  aie  located  in  such  manner  that 
every  other  opening  shown  in  Fig.  288  is  omitted.  When  the 
punch  descends  four  blanks  are  punched ;  the  stock  is  moved  until 
the  Arst  opening  strikes  the  gauge  pin.     This  leaves  the  stoek  ia 


mg.  287. 


position  to  punch  between  the  openings  idready  made,  thus  pre* 
venting  waste.  The  next  time  the  stock  is  moved  until  the  gauge 
pin  strikes  the  wall  of  the  last  opening  to  the  right. 

BBNDINa  DIB. 

In  order  to  bend  metals  to  various  fortns,  dies  are  made  for 
use  in  punching  presses,  drop  hammers  and  various  6ther  machines. 
A  simple  form  of  bending  die  is  shown  iit  Fig.  289.  The  shape 
of  the  upper  and  lower  parts  of  the  die  is  stlch^  that  when  the 
upper  part  is  brought  down  on  the  blank  B  (shown  by  the  dotted 
lines)  it  will  be  bent  to  the  required  shape.  The  shoulder  A  forms 
a  locating  stop  against  which  the  blank  f^sts  before  bending. 

..When  making  bending  dies  fp$ -.f^tremely  soft  metals,  the 
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dies  may  be  made  of  the  exact  shape  of  the  model,  or  the  shape 
the  piece  should  be  when  finished ;  but  if  the  pieces  are  made  from 
stiff  material  which  bends  with  difficulty,  it  will  be  necessaiy  to 
make  the  die  of  a  form  that  will  give  the  article  more  bend  than 
is  required  as  it  will  spring  back  some  as  soon  as  released  by  the 
return  of  the  upper  part. 

In  Fig.  290  is  shown  a  form  of 
bending  die  used  in  bending  bow 


Compound  Bendlns  Die. 
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Ilg.  388. 


apriug  and  looped  wire  for  arma- 
ture connections  or  other  looped 
wire  work.  The  work  is  placed 
in  the  die,  and  the  punch,  as  it 
descends,  bends  the  wire  to  the 
shape  of  the  die.  The  spring  just  back  of  the  punch  is  compressed 
thus  allowing  the  punch  bolder  to  descend  and  force  the  side 
benders  BB  toward  the  punch  by  means  of  the  wedge  pins  AA, 
thus  forming  the  piece  in  a  circle. 


Pig.  28B,  

It  is  obvious  that  it  is  necessary  to  make  the  slinpe  of    t,l,a 
punch  and  die  different.     The  lower  die  must  have  its  bemj 
surface,  a  curve  of  a  radius  equal  to  that  of  1 
thickness  of  the  material.' 


This  type  of  die  is  familiarly  tni 
most  common  examples  offorminj  die 
Hat  circular  blank, 
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|neee,  aa  sliown  at  B.  This  operation  oao  be  done  in  an  ordinary 
puncliing  press  by  means  of  a  forming  die  of  the  shape  known  as 
a  posb  through  die,  from  that  fact  that  the  piece  is  formed  to 
shape,  and  pushed  through  the  die  at  one  operation.  This  form 
of  die  is  shown  in  Fig.  292.  The  face  of  the  die  is  cut  to  receive 
the  blank ;  this  depression  is  known  as  the  tet  edge.    The  opening 


Fig.  2i». 

in  tfie  die  is  given  u  "  draw  "  of  ^  to  J  of  a  degree  making  it 
lai^er  at  the  top,  the  upper  edge  is  rounded  over  and  left  Ter; 
smooth.  The  bottom  edge  of  the  opening  is  made  very  sharp  in 
order  that  the  piece  may  not  be  carried  back  with  the  punch  gg  it 
returns. 

This  form  of  die  is  left  as  hard  as  possible,  and  the  walls  of 
the  opening  are  made  ns  smooth  as  they  can  be  polished.  It  is 
sometimes  advisable  to  finish  the  walls  with  a  lateral  rather  than 
a  circular  finish. 
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MAKINO  QAuaes. 

Gauges  are  used  lit  machine  shops  in  order  that  &  part  of  a 
machine,  apparatus,  or  tool  may  correspontl  with  some  other  part, 
80  that  when  it  is  a^sernbled  every  part  may  go  in  its  place  with 
little  or  no  fitting. 

In  shops  where  work  ia  made  on  the  interchangeable  plan, 
that  is,  a  piece  of  work  made  to-day  will  exactly  duplicate  a  simi- 
lar piece  made  at  nvme  time  in  the  past,  a  very  thorough  system 
of  inspection  is  necessary.  In  order  that  tlie  inspection  may 
accomplish  the  desired  result,  gauges  are  made  that  show  any 
variation  of  the  pieces  fi-om  a  given  standard. 


mini 


Fig.  301. 
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There  are  several  forma  of  gauges  in  use  for  vaiious  ( 
of  work,  bnt  only  those  in   common  use  in  the  general  machine 
shop  will  be  considered  here. 

Gauges  are  generally  niaJe  i>f  tool  ste-'l;  but  hardene'f  tool 
»re{d  baa  a  tendency  to  change  its  size  or  shape  at  a  considerable 
tims  aliMi  the  hardening  takes  {^lat-e.  Thi^  cliango  la  ascribed  by 
acknowledged  authorities,  to  a  rearrangement  of  the  minute  parti- 
cles or  molecules  of  the- steel,  whose  original  arrangement  had 
been  changed  by  the  process  of  hardening.  While  this  change  of 
size  or  shape  is  email,  so  small  indeed,  that  it  need  not  be  con- 
sidered except  in  the  case  of  gauges  where  great  accuracy  ia 
reqidred;  yet  it  has  led  Some  manufacturers  to  use  machinery 
steel. 


If  tool  steel  is  used,  tfae  tendency  to  change  its  shape  may  he 
overcome  to  some  extent  by  grinding  the  giiuge  to  within  a  few 
thouaandtha  of  an  inch  of  finish  size  nnd  iiUowing  it  to  *' season" 
aa  it  ia  termed  among  mechanics ;  that  is,  it  is  laid  aside  for  a  few 
months  or  a  year  before  finishing  to  size.  This  method  is  open  to 
serious  objection  if  one  is  in  a  hurry  for  a  gange. 

To  save  time,  it  is  customary  in  many  shops  to  draw  the 
temper  to  a  straw  color,  allowing  the  gauge  to  cool  off  slowly; 


i  Operation  is  repeated  several  times.  It  is  necessary  to 
brighten  the  steel  each  time  liefore  drawing  the  tempt-r  in  order 
that  the  colore  may  be  readily  seen ;  as  this  very  materiHlly  softens 
the  gauge  it  will  not  last  aa  long  as  if  left  hard. 

Accuracy  in  Qauge  Making.  When  making  gauges  the 
workiMan  should  nliserve  the  points  emphasized  under  "Approxi- 
Jijote  and  Precise  Mejisurements."  While  gauge  making  is  gen- 
*«Iy  considered  very  accurate  work,  unnecessary  accuracy  should 
lOt  be  used.  If  a  gauge  is  intended  for  work  where  a  variation 
f  •OOo  ineiii  ia  permissible,  it  is  folly  and  a.  needlesa  waste  of  time 
M)  make  the  gauge  within  a  limit  of  variation  of  .0001 
he  othtf  hand  if  tlie  gauge  is  to  be   uaed  as  a  test 
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gauge  on  work  requiring  great  accuracy  it  is  necessary  to  use 
every  possible  effort  to  make  it  accurate. 

If  a  gauge  is  to  be  made  of  tool  steel,  it  is  necessary  to  first 
remove  all  the  outside  portion  (skin)  of  the  stock,  and  ^^  block  " 
the  gauge  out  some  where  near  to  shape;  it  should  then  be 
thoroughly  annealed.  If  the  gauge  is  flat,  and  should  spring 
while  annealing  it  Bhould  not  be  straightened  cold,  as  it  would  be 
almost  sure  to  spring  when  hardened. 

It  is  necessary  to  stamp  the  name  of  the  part  to  be  gauged 
and  the  sizes  of  the  different  parts  of  the  gauge.  The  workman 
should  bear  in  mind  that  the  effect  of  driving  stamps,  letters,  or 
figures  into  a  piece  of  steel  will  be  to  "stretch"  it,  consequently 
it  is  advisable  to  stamp  the  gauge  before  finishing  any  of  the 
gauging  portions  to  size,  even  if  the  gauge  has  an  allowance  for 
grinding. 

PLUG  AND  RING  GUAGB. 

Plug  gauges  are  used  to  gauge  the  size  of  a  hole,  while  a  ring 
gauge  is  for  measuring  a  cylindrical  piece  of  work. 

To  make  a  plug  gauge 

as  shown  in  Fig.  293,  stock 

should   be    selected    enough 

larger  than  finish  size  to  al- 

p.     293  ^^w  for   turning   off  the  de.. 

carbonized  surface.  After 
roughing  out,  the  handle  B 
should  be  turned  to  size  and  knurled,  the  portion  C  should  be  turned 
to  size  and  finished,  the  spot  in  the  center  of  the  handle  should  now 
be  milled  and  the  size  of  the  gauge  and  any  distinguishing  mark 
or  name  of  the  article  to  be  gauged  should  be  stamped  as  shown. 
Or,  as  is  the  custom  in  many  shops,  the  stamping  may  be  done  at 
C.  After  stamping,  the  gauge  end  A  may  be  turned  to  a  size 
.010  or  .015  inch  larger  than  finish  to  allow  for  grinding.  Plug 
gauges  should  be  heated  very  carefully  for  hai-dening,  remember- 
ing that  the  lower  the  heat,  the  more  compact  will  be  the  grain, 
and  a  piece  of  steel  ^bo0e  grain  ia  fine  and  compact  will  wear 
better  than  one  whtiM  ^^  the  gauge  is  one  requir- 

ing great  acomn  VIS  inch  above  size 

and  flUdWi  deemed  neo^s- 
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sary  -,  if  not  it  may  be  ground  to  a  sixe  .001  inch  Ini^r  than  tiaisli, 
after  whicU  it  must  be  lapped  to  finish  aize.  When  grinding  a. 
gauge  o£  tlu8  diMciiptioii,  it  is  advisable  to  use  a  griiuliiig  machine 
having  a  supply  tif  watev  nuiiiiiig  on  thf  work  to  keep  it  cool,  but 
if  thia  form  of  grinder  is  not  available,  the  gauge  should  not  be 
heatetl  any  more  than  is  necessiti-y.  The  gunge  should  he  uieasm-ed 
while  cold,  as  steel  always  expands  from  the  action  of  heat,  and  a 
gauge  ground  to  size  when  heated  would  be  too  sinall  after  it  had 
cooled. 

When  grinding  work  of  tlus  nature,  it  ia  adviaable  if  possible 
to  uflu  a  form  of  grinder  having  two  dead  centers,  that  is,  one  in 
which  iidUiur  center  revolves.     Thin  is  mentioned  on  account  ui 
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tendency  in  some  shojw  where  there  is  no  universal  grinder, 
(and  an  engine  lathe  is  t^i  be  used  us  a  grinder)  to  select  tlie 
poorest  lathe  in  the  shop  for  the  purpose.  Lathes  that  )inve  Iieen 
ill  use  for  some  time  are  very  likely  to  have  become  worn,  so  that 
Accurate  work  is  impossible :  this  i»  especially  true  of  the  head 
spindle  which  will  duplicate  its  untruth  on  tlie  piece  being 
ground. 

If  obliged  to  use  a  UHichine  of  this  description,  it  is  advisable 
to  leave  a  trlHe  more  stock  for  lapping  thau  if  a  suitable  grinder 
i«  at  hand.  When  griiidiug.  a  eoiii-se  wheel  free  from  glaze  should 
^  Used  lo  grind  within  .01)4  of  Hiiish  si7.e,  nfter  which  a.  finer 
may  be  substituted  to  grind  to  lapping  size. 
very  simple  method  of  making  a  lap  for  lapping  a  cylin- 
SUrfoce  ia  shown  in  Fig.  29-1 ;  this  consists  of  a  piece  of 
having  a  hole  bored  a  tride  larger  tliau  the  size  of  tlie 
'       romid.     It  is  split  as  shown,  and  is  cloned  by  means 

vork,  rcquirii-g  lapping  it 
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18  advisable  to  make  a  lap  as  shown  in  Fig.  295.  Tlie  holder  A 
has  a  hole  bored  to  receive  the  laps  which  are  made  in  the  form 
of  rings  fitting  the  holder  as  shown ;  these  rings  are  split  in  three 
places.  One  cut  is  can*ied  through  one  wall,  while  the  other  two 
commencing  at  the  inside,  terminate  a  little  distance  from  the  out- 
side sor&ce.  The  laps  may  be  held  in  place  by  means  of  the 
pointed  screw  shown  at  B. 

The  lapping  should  be. done  with  flour  emery  mixed  with  oil. 
This  operation  has  the  effect  of  heating  the  gauge  to  a  degree 
that  would  make  it  unsafe  to  caliper.  On  this  account  it  is  neces- 
sary to  have  a  dish  of  water  handy  in  which  to  cool  the  gauge 

B 


m 


mc 


Fig.  806. 

before  measuring  it.  This  water  should  not  be  toldy  or  incori'ect 
measurements  will  result;  it  should  be  as  nearly  as  possible  the 
average  temperature  of  the  room  in  which  it  is  to  be  used,  (about 
70  degrees). 

When  plug  gauges  are  made  of  machinery  steel  they  should 
be  case  hardened  in  the  following  manner.  They  may  be  packed 
as  for  *^  Pack  Hardening "' ;  that  is,  using  charred  leather  as  the 
packing  material.  They  should  run  in  the  furnace  for  7  or  8  horn's ; 
after  they  are  red  hot,  the  box  should  be  taken  from  the  furnace 
and  allowed  to  cool,  after  which  the  gauge  may  be  heated  in  an 
ordinary  iii'e  enclosing  it  in  a  piece  of  tube.  When  it  reaches  a 
low  red  heat,  it  should  be  plunged  in  a  bath  of  raw  linseed  oil. 
It  will  not  be  necessary  to  draw  the  temper,  and  the  danger  of 
alteration  as  it  ages  is  done  away  with. 

The  reason  for  not  hardening  when  the  gauge  has  run  the 
i-equired  length  of  time  in  the  furnace  is  that  the  effect  of  the 
second  heat  is  to  refine  the  steel,  making  the  grain  more  compact, 
like  properly  hardened  tool  ttteel^  thus  increasing  its  wearing 
qualities. 
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After  the  gauge  has  been  lapped  to  the  required  size,  it  mayfl 
be  placed  in  a  chuck  on  the  grinding  machine  and  the  end  groundff 
off  to  remove  any  poition  Lhat  is  slightly  smaller  than  the  balanoe  1 
of  the  gauge,  as  the  lapping  is  likely  to  grind  the  extreme  end. I 
slightly  tapering.  In  order  tri  save  time  when  grinding  the  end,^ 
the  gauge  may  l>e   nuule   us   shown  in   Fig.   '2W.     'I'lio  8ectioaJ-| 


view  shows  the  enil  cupped  in,  leiiving  a  wall  -j'g  inch  to  ^  inch  i 
thick  according  to  tlie  size  of  the  gauge,  the  larger  sizes  having  ] 
the  thicker  walls ;  tlie  cupping  should  be  about  -^'^  inch  deep  and  J 
the  comer  left  slightly  rounded  as  shown. 

Another  method  is  to  cub  ii  groove  with  a  round  nose  cutting  ] 
oS  tool  leaving  a  disc  on  the  end  as  shown  in  Fig.  297.     If  the  \ 


Fig.  297. 


gauge  has  its  end  shaped  as  shown  in  Fig.  296,  the  projecting  end  ' 
A  A  is  ground  away  until  Uie  end  of  gauge  is  straight  acn 
In  case  it  is  made  as  shown  in  Fig.  297,  the  disc  A  is  broken  o£E  J 
and  the  end  ground  as  described. 


RINQ  oAuae. 


Ring  gauges  intended  for  gauging  cylindrical  pieces  smaller  I 
than  1  inch  diameter  are  generally  made  of  a  solid  piece  of  tool  steely  / 
or  machinery  steel  wliich  may  be  ciise  hardened.     P'or  a  gauge  I  ] 
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inch  or  loiter  custom  varies,  some  tool  makers  muking  it  of  a  solid 
piece,  while  others  make  the  body  of  east  ii-on,  or  machinery  st«el, 
into  which  is  forced  a  hardened  bushing  wliich  ia  the  gauge 
proper. 

It  is  advisable  when  making  a  solid  gauge  to  use  a  piece  of 
steel  somewhat  longer  than  finisli  dimensions  as  shown  in  Fig. 
298.  The  dimension  A  representing  the  jinith  length  of  gauge ; 
the  projections  B  B  being  left  until  the  gnuge  is  lapped  to  size. 
The  holo  should  be  bored  somewhat  smaller  than  finish  size  in 
order  to  allow  for  grinding  and  lapping.     If  a  grinder  having  an 


Fig.  808. 


internal  grinding  attachment  is  nut  available,  the  allowance 
should  be  much  less  than  if  it  were  possible  to  grind  the  walls  of 
the  liole.  If  the  gauge  is  to  be  ground  to  size  an  allowance  of 
.005  inch  will  be  sufficient ;  if  not  to  be  ground  and  the  hole  is 
bored  straight  and  smooth,  allow  .0016  to  .002  ;  but  the  lunount 
left  cannot  be  given  arbitrarily,  as  much  depends  on  the  condition 
of  tlie  hole,  and  the  care  used  in  hardening. 

After  boring  the  hole  the  blank  may  be  placed  on  a  mandrel 
the  ends  shaped  as  shown  in  Fig.  298,  the  outside  diameter 
turned  ami  knurled,  ami  tlie  portion  ('  neoketl  ti>  the  boltoni  i>f 
the  knurling.  The  size  and  any  distinguishing  marks 
stamjied  on  this  necked  portion  as  shown.  The  gauge  is  no>nr  J 
ready  for  hardening;  much  better  results  may  bo  obtained  if  t 
gaug'-  is  pack  hardened.  If  this  method  uaflaofc  he  mad.  1 
gauge  ttliould  be  care 
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of  gas  pipe  or  iron  tube  in  an  ordinaiy  fire.  When  it  reaches  a 
low  uniform  heat  it  should  be  plunged  in  a  bath  of  brine  and 
worked  around  so  that  the  bath  may  circulate  freely  through  the 
hole ;  excellent  results  can  be  obtained  if  a  bath  is  UBed  having  a 
jet  of  brine  or  water  coming  up  from  the  bottom  and  passing 
through  the  hole  with  some  force  in  order  to  remove  any  steam 
that  may  be  generated. 

If  it  is  considered  necessary  to  allow  the  gauge  to  "season," 
the  hole  may  be  ground  enough  to  remove  part  of  the  allowance, 
and  the  gauge  laid  away.  If  it  ia  not  considered  necessary  to  do 
this  it  may  be  ground  .001  or  .0015  inch  smaller  tlian  finisli  size 
to  allow  for  lapping. 

When  lapping  a  ring  gauge  U>  size,  it  is  necessuy  to  use  a 
luitahle  lap.  A  poor  lap  is  the  cause  of  many 'of  the  faihires 
when  attempting  to  do  satisfactoiy  work  of  this  description. 


When  a  grinder  having  nn  internal  grinding  attachment  is 
not  available,  and  it  is  found  necesiary  to  leave  considerable  stock 
in  the  hole  for  lapping,  muny  tool  makers  claim  best  results  from 
using  two  laps;  the  first,  a  lead  lap,  for  removing  most  of  the 
stock;  and  the  second,  a  cast-iron  lup  for  flnishing  the  hole  to 
size.  In  either  case,  the  lap  should  be  in  the  form  of  a  shell 
which  should  be  held  on  a  mandrel  when  in  use.  Fig.  299  shows 
a  lead  lap  on  a  mandrel  as  described. 

TVif   mnndrel    should    be    made    with    the    ends   somewhat 

smaller  than  the  body  which  should  be  tapering  in  order  that  the 

Jap  may  be  expanded  as  it  is  driven  on.     A   groove  is  cut  the 

itire  length  of  the  body  witli  a  convex  milling  cutter,  or  it  may 

cut  in  the  shaper  or  planer,  holding  the  mandrel  between  cen- 

in  ths  vise,  cutting  the  slot  with  a  round-nosed  tool.     A 

easting  the  lead  to  shape  may  be  made  of  two  pieces'  of 

nch  or  two  longer  than  the  desired  lengtli  of  lap  which 


186 


TOOL    MAKING. 


should  be  three  times  the  length  of  the  hole  in  the  gauge.  The 
two  pieces  of  wood  should  be  clamped  together,  and  a  hole  bored 
with  a  bit  about  ^  inch  larger  than  the  diameter  of  the  finished 
lap ;  after  boring  to  the  required  depth,  a  bit  should  then  be  used 
the  size  of  the  projection  on  the  small  end  of  the  mandrel ;  the 
hole  bored  with  this  bit  should  be  a  trifle  deeper  than  the  length 
of  the  projection.  After  the  hole  has  been  bored  in  the  mold  as 
described,  the  mandrel  may  be  put  in  position  as  shown  in  Fig. 
800  with  the  mold  in  a  vertical  position.     Two  narrow  strips  of 

wood  or  metal  are  placed  on  top  of  the 
mold  to  hold  the  mandrel  central  in  the 
mold.  In  order  that  the  lead  may  run 
well,  it  will  be  necessary  to  heat  the  man- 
drel somewhat;  this  should  be  done  before 
putting  it  in  the  mold. 

After  the  lead  has  become  cool  the 
mold  may  be  opened,  and  the  casting  re- 
moved. It  should  be  placed  in  the  lathe 
on  the  mandrel,  and  turned  to  a  size  .001 
inch  smaller  than  the  hole  in  the  gauge ; 
it  may  then  he  charged  with  emery,  using 
fine  emery  and  oil. 

For  finishing  the  hole  to  size,  or  lap- 
ping a  hole  ground  nearly  to  size,  it  is  ad- 
visable to  use  a  lap  made  of  harder  material 
than  lead ;  for  this  purpose  fine-grained 
cast  iron  answers  admirably,  although 
copper  is  preferred  by  some.  In  order  to  make  a  cast-iron  lap, 
a  mandrel  is  necessary,  which  should  taper  |  to  -^^  inch  per 
foot  of  length.  The  slight  taper  is  used  in  order  that  the  lap 
may  not  increase  its  size  too  rapidly  when  driven  on  the  mandrel. 
The  cast-iron  lap  (sleeve)  should  be  bored  with  a  taper  corre- 
sponding to  the  taper  of  the  mandrel,  after  which  it  may  be 
forced  on  the  mandrel  and  turned  to  size  and  split  as  shown  in 
Fig.  301.  One  slot  should  extend  through  the  wall  as  shown  at 
A  (end  view),  while  the  other  two  slots  B  B  extend  deep  enough 
to  allow  the  lap  to  expand  *  '^  *4iiiig  the  hole  to 

size  the  lap  should  \y  ^ruuidrel,  and 
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trued  in  the  grinder  using  an  emery  wheel  to  cut  the  lap.  The 
lap  should  be  perfectly  round  and  straight^  in  order  to  produce 
true  holes.  For  the  finish  lapping  the  finest  of  flour  emery 
should  be  used.  The  same  precautions  should  be  observed  while 
cooling  the  gauge  befoi-e  trying  the  size  of  hole,  as  were  noted 
under  "  Lapping  Plug  Gauges."  In  order  to  clean  the  gauge  of 
the  oil  and  emery,  it  should  be  dipped  in  a  can  of  benzine,  which 
readily  removes   any  dirt.     Extreme    care   should    be   exercised 


f 
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Fig.  301. 


when  washing  work  in  benzine  that  it  is  not  brought  in  the  vicin- 
ity of  a  flame  of  any  kind,  as  it  is  extremely  inflammable,  and  very 
difficult  to  extinguish  if  it  becomes  ignited;  should  it  become 
ignited  it  can  be  extinguished  with  a  piece  of  heavy  sacking. 

The  ring  should  be  fitted  to  the  plug  gauge  which  has  previ- 


• 
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Fig.  302. 


Fig.  303. 


ously  been  finished  to  the  correct  size.  It  must  be  borne  in  mind 
that  the  temperature  of  the  plug  and  ring  should  be  as  nearly  the 
same  as  possible  when  testing. 


SNAP  QUAQE. 


This  form  of  gauge  is  used  more  extensively  than  any  other 
for  outside  measurements ;  it  is  extremely  useful  in  gauging  a 
dimension  between  two  shoulders  as  shown  at  A,  Figs.  302  and.303; 
in  the  former  case  the  piece  being  machined  is  flat  while  in  the 
latter  it  is  cylindrical. 

Stiap  gauges  may  be  designed  to  meet  the  requirements  of 
the  particular  piece  6f  work  upon  which  they  are  to  be  used. 
Wbe6  a  gauge  of  this  description  is  intended  for  use  on  a  cylin- 
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drical  piece,  tbe  opening  sliould  be  luade  a  trifle  deeper  than  oue- 
half  the  diuiueter  of  tbe  piece  to  be  measured. 

When  a  Biiap  gauge  in  intended  for  ILit  work,  the  depth  of  the 
slot  depends  on  the  nature  of  the  work. 

Samp  Oiiag«s  for  Cylindrical  Woric.  Aa  previously  stated 
when  snap  gauges  are  to  be  used  for  gauging  cylindrival  pieces  it 
is  necessary  to  make  the  opening  a  trifle  deeper  than  one-half  the 
diameter  of  the  piece  to  be  measured,  as  sliown  in  Fig.  304,  in 
«4iich  A  repteeents  the  cylindrical  piece  to  be  gauged. 

When  making  a  snap  gauge  of  this  form 
the  stock  should  be  blocked  out  somewhere 
near  to  shape  and  annealed  ;  after  annealing 
the  sides  may  be  made  flat  and  paniUel,  and 
the  size  and  any  distinguishing  marks  stamp- 
ed as  cihown,  after  which  the  gauge  part  may 
be  worked  to  a  size  .008  to  .010  inch  smaller 
tlian  finish  to  allow  for  grinding.  The  outer 
edges  should  be  rounded  somewhat  to  prevent  cutting  the  hands 
of  the  operator. 

When  hardening  gaugeaof  this  type,  some  tool  makers  harden 
only  the  prongs  that  come  in  contact  with  the  work,  while  others 
harden  the  entire  gauge.  If  the  contact  points  alone  are  to  be 
hardened,  the  heating  can  bt;st  be  done  in  a  crucible  of  red-hot 
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lead,  but  if  this  is  not  at  hand  a  piece  of  flat-iron  may  be  placed 
each  side  of  the  gauge,  allowing  the  ends  to  be  hardened  to  pro- 
ject beyond  the  pieces ;  the  whole  may  now  be  gnsped  in  a  pur  of 
tongs,  and  placed  in  the  fire.  The  points  will  reacli  a  lianlening.; 
heat  before  the  portion  betwtMT  vheflat  pieces  is  rery  tmich  li>'ii'»di- 
It  may  be  plunged  in  ws^  H^aia  bardeii. 

If  it  is  consider  ""^^*'^*— -  *ti»  .^^^j^^^^^   i  ^i| 

should  be  heated  ^^^^^*^ 

blast  dqeB  nofc 
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heat.  When  it  reaches  a  low  red  lieat  remove  from  the  fire  and 
plunge  in  the  bath ;  if  the  gauge  is  quite  thin  a  bath  of  oil  will 
harden  sufficiently ;  if  it  is  dipped  in  water  or  brine  the  bath  should 
be  wanned  somewhat  in  order  to  avoid  as  much  as  possible  any 
tendency  to  spring. 

After  hardening,  the  gauge  is  ground  to  a  size  .0005  inch 
smaller  than  finish  and  lapped  to  size ;  the  method  used  in  grind- 
ing gauges  of  this  character  will  be  described  later. 
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Fig.  306. 

In  order  to  be  able  to  give  gauges  the  correct  size,  it  is  often 
necessary  to  make  male  gauges.  The  simplest  form  of  male  gauge 
is  shown  in  Fig.  305 ;  it  is  a  flat  piece  of  tool  steel,  made  slightly 
small  on  one  end  to  avoid  grinding  to  size  the  entire  length.  After 
hardening  the  large  end,  it  is 
ground  to  size  ;  it  is  then  ready  for 
use  in  testing  the  size  of  the  fe- 
male snap  gauges  while  the  latter 
are  being  lapped  to  size ;  or  when 
grinding  if  lapping  is  not  consid- 
ered necessary.  When  it  is  necess- 
ary  to  make  a  snap  gauge  for 

gauging  two  or  more  dimensions  on  a  piece  of  work,  the  gauge 
may  be  made  as  shown  in  Fig.  306,  while  Fig.  307  represents  the 
piece  to  be  gauged. 

After  cutting  off  the  steel  for  the  gauge,  the  sides  may  be 
planed  to  remove  the  *'  skin."  One  of  the  flat  surfaces  may  be 
colored  with  blue  vitriol,  or  it  may  be  colored  by  holding  over  a 
fire  until  the  surface  becomes  blue.  The  handle  and  the  openings 
that  constitute  the  gauges  may  be  laid  off  on  the  surface.  After 
milling  the  handle  to  shape  the  holes  shown  at  the  corners  of  .the 
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201 


liiO  TOOL    MAKING. 

openings  may  be  drilled ;  these  holes  facilitate  the  operationa  of 
filing  and  grinding,  particularly  the  latter.  The  openings  may  be 
milled  or  planed  to  a  size  somewhat  (,^  inch)  smaller  than  finish 
and  the  gauge  is  ready  for  annealing.  After  it  is  annealed  the 
two  flat  surfaces  may  be  planed  or  filed  until  flat  and  parallel. 
The  name  of  the  piece  to  be  gauged  and  the  size  of  the  openings 
may  be  stamped  as  shown.  If  the  gauge  is  intended  for  gauging 
work  where  a  few  thousandths  of  an  inch  either  way  would  make 


no  particular  difference,  it  is  customarj-  to  make  the  openings  to 
the  given  sizes  before  the  gauge  is  hardened.  However,  if  the 
gauge  mu.st  be  exact  to  size,  it  is  necessarj"  to  leave  from  .003  to 
.005  inch  on  each  measuring  surface  to  allow  for  griiiduig.  and  if 
it  is  desirable  to  have  the  gauge  retain  its  exact  size  for  any  con- 
siderable length  of  time,  it  will  be  found  necessari'  to  finish  the 
gauge  to  size  by  lapping  after  it  is  ground. 

Qrindinc  Snap  Oances.  Snap  gauges  may  be  held  in  a  vise 
on  the  univetsal  grinder  when  grinding  the  o]>fiiingft  to  size  pro- 
vided the  gituge  is  held  io  snob  a  maiuier  that  ii  oaniiot  spring. 
If  it  were  sprung  in aaj nMiMMHh|HteKliBl<ii  it  would  assume 
its  normal  shape  wh^fl^^^^^^^^^^^^^ta4  MmHequently  the 
measuring  solfiQH^^^^^^^^^^^^^^^Bpb  wuuld   destroy 
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the  accuracy  of  the  gauge,  as  it  is  liighly  important  that  the  meas- 
uring surface  of  the  opening  be  parallel. 

A  snap  gauge  may  be  clamped  to  an  angle  iron  which  may 
be  held,  while  grinding,  in  the  vise  as  shown  in  Fig.  308,  or  it  may 
be  clamped  to  a  piece  of  machinery  steel  or  cast  iron  which  is  cen- 
tered as  shown  in  Fig.  309.  This  holder  should  be  placed  l)etween 
the  centers  of  the  grinding  machine. 

If  the  opening  whose  gauging  surfaces  are  to  be  gi-ound  is  of 
sufficient  width,  an  emery  wheel  of  the  form  shown  in  Fig.  310 
may  be  used,  or  a  wheel  may  be  recessed  on  its  sides  as  shown  in 
Fig.  311.     If  a  wheel  of  tlie  form  shown  in  Fig.  310  is  used  it 


Fig.  809. 

will  be  necessary  to  remove  the  wheel  after  grinding  one  wall  of 
the  opening  and  reverse  it  to  grind  the  other.  If,  however,  the 
opening  is  too  narrow  to  allow  a  wheel  of  the  form  shown  above 
to  be  used,  a  very  thin  wheel  may  be  made  to  answer  the  purpose, 
but  it  will  be  necessary  to  swivel  the  head  of  the  grinder  a  little 
in  order  that  the  wheel  may  touch  the  surface  to  be  ground  only 
at  the  corner  of  the  wheel. 

If  a  grinding  machine  is  not  available,  an  engine  lathe  or  a 
bench  lathe  can  be  used.  If  the  lathe  is  provided  with  a  grind- 
ing attachment,  the  holder  to  which  the  gauge  is  attached  may 
be  placed  between  the  centers  of  the  lathe,  and  the  grinding 
attachment  used  in  the  ordinary  manner.  If  the  lathe  is  not 
provided  with  a  grinding  attachment  the  emery  wheel  may  be 
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mounted  on  an  arbor  between  the  centers  of  the  lathe.  The  arbor 
may  be  driven  from  any  accessible  pulley  either  on  some  overhead 
countershaft  or  some  machine  having  a  pulley  in  line  with  a  small 
pulley  on  the  arbor,  on  which  the  driving  belt  is  supposed  to  run. 
If  this  method  is  used  it  will  be  necessary  to  have  hardened 
centers  in  both  head  and  tail  spindles.     If  a  thin  wheel  is  used  in 


Fijf.  310. 
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grinding  the  surfaces  of  a  narrow  opening, 
the  tail  center  of  the  lathe  may  be  set 
over  each  way  to  give  the  desired  amount 
of  clearance  to  the  side  of  tlie  emery  wheel. 
The  holder  mentioned  may  be  fastened  to 
the  tool  rest,  or  the  gauge  may  be  fastened 
to  the  rest  as  shown  in  Fig.  312.  At  the 
right  is  shown  a  side  view  of  one  of  tlie 
clamps  used  in  holding  the  work  to  the 
rest  while  grinding;  the  center  is  represent- 
ed as  being  cut  away  in  order  that  it  may 
bear  at  its  ends  thus  removing  any  chance 
of  its  tipping  the  work  being  ground. 

Lapping  a  Qauge  to  Size.  Where  it 
is  essential  that  gauges  retain  their  exact 
size  for  a  considerable  length  of  time,  the 
gauging  surfaces  must  be  lapped  to  size  after  grinding.  The  sur- 
face left  by  the  emery  wheel,  even  when  the  utmost  care  is  used, 
consists  of  a  series  of  small  ridges  or  irregularities  which  wear  away 
as  the  gauge  is  used  and  leave  the  opening  too  large ;  lapping  the 
gauging  surfaces  with  oil  and  emery  grinds  these  minute  particles 
away,  leaving  a  perfectly  flat  surface,  thereby  increasing  the  dura- 
bility of  the  gauge. 

A  convenient  form  of  lap  for  use  in  lapping  the  gauging  sur- 
faces of  snap  gauges  is  shown  in  Fig.  813.  It  consists  of  a  piece 
of  copper  or  brass  wire,  bent  as  shown ;  the  surface  A  is  filed  or 
hammered  flat  and  charged  witli  some  Jibmsive  material,  as  emery; 
extreme  care  must  he  used  in  lapping  the  surfaces  that  they 
()erfectly  flat  ,tnd  parallel.  Unless  the  operatCNT 
»*rable  experience  in  this  particular  br 
be  likely  to  cut  the  edges  away  * 
doing  this,  pieces  of  hardened 
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of  the  gauge  before  grinding,  as  shown  in  Fig.  314.  As  the  ten- 
dency when  lapping  is  to  make  the  outer  edges  round,  the  portions 
rounded  will  be  the  edges  of  the  pieces  clamped  to  the  gauge. 
After  the  gauge  has  been  lapped  to  size  these  pieces  may  be 
removed. 

Adjustable  Snap  Gauge.     Snap  gauges  that  are  in  eonstant 
use  soon  wear  to  an  extent  that  rendera  them  useless,  making  it 


Fip.  312. 

necessary  to  close  them  in  and  grind  and  lap  them  to  size  again, 
or  else  replace  them  with  new  gauges.  This  tendency  to  wear 
and  the  consequent  labor  and  cost  of 'resizing  or  replacing  has 
caused  the  adoption  of  a  style  of  snap  gauge  whose  size  could  be 
altered  when  necessary ;  this  form  of  gauge  is  styled  an  adjustable 
snap  gauge. 

The  method  of  adjustment  differs  in  different  shops.     Fig. 
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815  represents  a  form  of  adjustable  snap  gauge  which  is  not  ex- 
pensive and  gives  excellent  results  in  that  its  size  may  be  readily 
adjusted.  Aft'^r  blocking  out  the  gauge  somewhei'e  near  to  shape, 
the  screw  hole  for  the  adjusting  screw  C  should  be  drilled  and 
tapped,  and  the  slot  milled  for  the  adjustable  jaw.  The  jaw 
should  be  made  as  shown  having  a  slot  through  wliich  the  binding 
r  ~  ^  screw    D    may    pass. 

>s^j^w  The   jaw   should    fit 

/\         snugly  in  the  slot  in 

Fig.  318.  the  frame  and  placed 

ill  position  after 
stamping  the  name  and  any  distinguishing  marks.  The  aperture 
£  should  be  worked  to  a  size  .010  or  .015  inch  smaller  than  finish. 
The  adjustable  jaw  B  may  now  be  removed  and  the  gauging  (or 
contact)  surface  hardened,  being  careful  not  to  harden  the  entire 
length  of  the  large  portion  or  a  crack  ma}'  appear  in  the  sharp 


{  -  1^ 

Fig.  314. 


comers  on  account  of  the  une<)ual  size  of  the  two  portions.  la 
order  to  beat  the  contact  surface  and  not  heat  hick  into  the  sharp 
comers,  the  face  may  be  immersed  in  red-hot  lead,  leaving  just 
long  enough  to  sufficiently  heat  the  face ;  or  the  smaller  portion 
may  be  held  in  a  pair  of  tongs  letting  the  end  of  the  jaws  come 
against  the  shoulders  of  tlie  pieoe.  It  may  jthen  be  heated  in  a  gas 
jet  or  ordinaiy  •■^  it  will  not  be  necessary 

-to  liarchB  inf  poftion  A  is  hard 


TOOL    MAKING. 


195 


ened  it  will  be  found  sufficient.     After  hardening,  the  gauge  may 
be  assembled  and  ground  and  lapped  as  already  explained. 

LIMIT  OAUOe. 

Where  it  is  not  necessary  that  work  be  of  exact  size,  and  a 
small  limit  of  variation  is  permissible,  limit  gauges  are  used. 
They  prevent  a  waste  of  time  in  attempting  excessive  accuracy, 
yet  leave  the  work  so  that  the  corresponding  parts  when  brought 
together  will  fit  well  enough  to  meet  requirements. 

These  gauges  are  also  valuable  in  roughing  work  for  finishing. 


o     Q  Thickness  of  breech  block 


% 


'^O 


Fig.  S16. 

When  so  used  practically  the  same  amount  of  stock  is  left  on  each 
piece,  thus  facilitating  the  finishing  process. 

If  a  cylindrical  piece  is  to  go  in  a  reamed  hole,  and  the  piece 
tits  well  enough  for  all  requirements  when  .003  inch  smaller  than 
size  of  hole,  it  is  folly  to  spend  the  time  necessary  to  get  a  more 
accurate  fit. 

The  amount  of  Viiriation  allowable  mUst  be  decided  in  each 
case  ;  on  one  job  a  limit  of  variation  of  .001  inch  might  be  all  that 
could  be  allowed,  while  on  another  piece  of  work  .010  inch  might 
be  allowable. 

In  deciding  the  allowable  limit  of  variation  it  is  advisable, 
where  it  is  j)ossible,  to  take  into  consideration  the  natuml  changes 
that  take  place  in  a  gauge  from  wear.  For  instance,  suppose  a 
piece  of  work  .250  inch  in  diameter  just  fills  the  hole  it  is  to  go 
in,  and  a  limit  of  .0015  inch  is  allowable ;  that  is,  if  the  piece  is 
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.2485  inch  to  .250 
large  end  of  limit 


rm 


f 

NOOO 
SEE- 


inch  diameter,  it  would  be  folly  to  make  the 

gauge  for  this  work  .250  inch  as  there  would 

be   no   allowance    for   wear   of 

either  the  external  or   internal 

gauge. 

Fig,  316  gives  an  idea  of 
one  form  of  a  snap  gauge  used 
for  external  measurements; 
however,  it  is  not  necessary 
to  make  them  of  the  styles 
shown.  The  plug  gauge  may 
be  made  as  shown  in  Fig.  317  ; 
while  the  snap  gauge  may  be 
made  as  shown  in  Fig.  318. 
The  same  general  instructions 
given  for  making  plug  gauges 
and  snap  gauges  apply  t  o 
limit  gauges  of  the  same 
character. 


When  it  is  essential  that  the  various  working  points  of  a  tool, 
part  of  a  iniichine  or  apparatus  should  )>e  in  exact  relation  to  on<: 
or  more  given  points,  a  receiving  gauge  is  u-^ed.  This  gauge  as 
the  name  implies  is  made  to  receive,  or  take  in,  the  work ;  that 
is,  the  piece  of  work  is  pliteed  in  the  giiuge,  and  the  exact  location 
of  the  different  points  is  determined  liy  the  eye. 

Fig.  319  shows  a  gun-liammer,  while  Fig.  3-20  represents  a 
receiving  gauge  for  arfumteJy  gauging  the  points  C,  D,  E,  F,  G 
and  H  in  relation  to  tlie  fulcrum  screw  hole  \  and  the  face  B, 
These'points  must  also  be  in  exact  relation  to  each  other;  lience 
the  necessity  of  a  gauge,  "f  this  character.  Wlien  making  a  gange 
of  this  type,  it  is  custoiuarj-  in  most  shojts  to  gauge  only  those 
parts  that  mii.st  be  located  in  exact  relation  to  some  other  point  or 
points. 

In  the  oaae  uf  the  gun  hammer  under  consideration  the  ful- 
crum-screw hole  A  must  be  the  main  working  point  because  when 
it  is  operated  it  is  pivoted  at  this  ppint,  consequently  every  point 
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must  be  in  exact  relation  to  this  hole.  The  point  of  next  import- 
ance ia  the  face  B  which  strikes  the  firing  pin  ;  in  order  that  the 
face  of  the  hammer  may  bo  the  proper  distance  from  the  firing  pin 
when  half  cocked,  or  full 
cocked,  it  is  necessary  that 
the  half  cock  notch  D.  and 
the  full  cock  notch  E  be 
properly  located  lis  regards 
the  face  of  the  liammer. 
They  must  also  lie  in  exact 
location  us  regaitls  the  ful- 
crum-screw hole  A.  In- 
order  tliat  the  main  spring 
may  exert  the  proper 
amount  of  force  on  the 
hammer,  1 1  i  s  necessary 
that  the  spring  seat  O  be 

exactly  located.  As  the  portions  marked  C  and  H  are  intended 
to  just  fill  the  opening  in  the  gun  frame  when  the  hammer  is  in 
any  position,  it  is  necessary  that  they  be  located  the  proper  dis- 


Y^ 

r- 
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\ 

1  o  \ 

y   o 
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tance  from  the  center  of  the  fulcrum-screw  hole  A ;  hence  the 
need  of  a  gauge  that  will  determine  the  exact  location  of  all 
points  as  related  to  A  and  B  and  to  each  other.     As  the    por- 
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tioiis  marked  I,  J,  K,  L,  M,  and  N  must  be  in  exact  location  to  the 
other  points  or  to  each  other  they  are  gauged  with  a  separate 
gauge  because  each  additional  gauging  point  on  a  gauge  of  this 
description  complicates  matters. 

Wlien  making  gauges  of  this  character  a  piece  of  machinery 
steel  is  usually  taken  for  the  base;  this  is  planed  to  size  and 

ground  or  iiled  for  finish  ;  a  hole  is  drill- 
ed an<l  reamed  to  receive  a  pin  the  size 
of  the  fulcrum  screw  hole.  This  pin  is 
made  of  a  piece  of  drill  i*od  a  few  thousandths  inch  larger  than  the 
desii-ed  pin.  The  piece  of  drill  rod  should  be  long  enough  to  be 
held  in  the  chuck  of  the  grinding  machine,  and  should  be  cut  of 
the  projxir  length  as  shown  in  Fig.  321.  The  short  end  should  be 
hardened  and  the  temper  drawn  to  a  straw  color ;  after  which  the 


( 


Fig.  821. 


ol 


wire  may  be  placed  in  the  chuck  on  the  grinding  machine  and  the 
pin  ground  to  the  desired  size.  After  grinding  to  size  it  may  be 
broken  ofif  and  the  end  ground;  this  can  be  done  by  holding 
the  pin  in  the  chuck,  leaving  the  broken  end  out  in  order  that  it 
may  be  ground  square,  the  pin  should  now  Ije  forced  to  place  in 
the  hole  in  the  base. 

i'he  gauge  proper  may  be  made  of  one  plate  worked  to  the 
proper  shape,  but  better  i-esults  will  follow  if  it  is  made  in  three 
pi(M*es  as  shown  in  F'ig.  320  on  jiceount  of  the  tendency  of  the 
2>late  to  spring  wlien  hardened. 
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These  plates  may  be  made  either  of  tool  steel  or  machinery 
steel,  if  made  of  tool  steel  the  pieces  should  be  machined  all 
over  and  thoroughly  annealed,  after  which  they  may  be  planed  or 
milled  to  thickness. 

One  surface  should  be  colored  by  the  blue  vitriol  solution,  or 
the  pieces  may  be  heated  until  a  distinct  blue  color  appears ;  the 
desired  shape  should  be  marked  on  the  colored  surface  and  the 
pieces  machined  and  filed  until  they  fit  the  model,  the  necessary 
degree  of  accuracy  must  be  determined  by  the  nature  of  the 
work. 

After  the  pieces  are  properly  fitted  to  the  model,  they  may 
be  attached  to  the  base  by  means  of  the  fillister  head  cap  screws 
shown.  The  model  should  be  laid  on  the  base  having  the  fulcrum 
screw  hole  on  the  pin.  After  arranging  the  model  in  its  proper 
location  it  may  be  clamped  as  shown  in  Fig.  322.  The  sections 
of  the  gauge  which  should  have  been  previously  drilled  for  the 
screw  and  dowel  pins,  may  now  be  clamped  to  the  base  in  their 
proper  positions.  After  drilling,  the  holes  in  the  base  may  be 
tapped,  and  the  screws  put  in  place.  If  it  is  found  necessary  to 
make  slight  alterations  in  any  of  the  shapes,  they  may  be  readily 
made  as  the  plates  can  be  moved  a  trifle  because  the  bodies  of  the 
screws  need  not  fit  tightly  in  the  holes  in  the  plates.  The  dowel 
pin  holes  should  not  be  transferred  into  the  base  until  after  the 
plates  are  hardened. 

The  plates  may  now  be  removed  and  hardened.  If  of 
machinery  steel  they  may  be  case-hardened,  dipping  them  in  oU 
rather  than  water.  If  made  of  tool  steel  best  results  will  follow 
if  the  plates  are  pack-hardened,  running  them  1  to  1^  hours  after 
red  hot  and  then  dipping  in  raw  linseed  oil. 

If  the  process  of  pack-hardening  cannot  be  used,  satisfactory 
results  may  be  obtained  if  they  are  carefully  heated  in  a  tube  in 
an  open  fire,  or  placed  in  the  muffler  of  a  muffler  furnace.  When 
red  hot,  sprinkle  a  small  quantity  of  finely  powdered  cyanide  of 
potassium,  or  a  little  yellow  prussiate  of  potash  on  the  contact 
surfaces,  place  in  the  fire  again,  bring  to  a  low  red  heat  and 
plunge  in  a  bath  of  oil. 

After  hardening,  the  plates  may  be  attached  to  the  base  by 
means  of  the  screws ;  if  any  of  the  gauging  points  have  become 
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distorted  by  hardening,  tbey  may  be  broogbt  to  tbe  proper  sliap* 
by  oil-stoning, 

When  tlie  plat«3  are  properly  fitted  nnd  located  in  their  exact 
positions,  tbe  dowel  pin  holee  may  be  transferred  into  the  base 
and  tbe  dowel  pins  put  in  place. 

LOCATING  OAUOB. 

This  form  of  gauge  is  used  for  determining  the  location  of  one 
or  more  holes  in  relation  to  another  hole,  a  shoulder,  or  working 
surface,  or  any  similar  measurement. 

Fig.  323  shows  a  gauge  for  showing  the  proper  location  of 
the  hole  from  the  edges  A  and  B,  Fig.  324.     This  gauge  consists 


Fig.  823. 
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of  a  base  having  four  pins  for  the  edges  A  and  B,  to  rest  agiiinst. 
These  pins  are  flatted  on  the  contact  edges  to  prevent  wearing. 
The  piece  of  work  to  !«■  giiugml  is  placod  in  [>ositi<in  and  claniiied 
to  the  gauge  with  itiiidiinists  oliuiips  as  shown  in  Fig.  32.5.  Tlie 
gauge  is  fastened  to  the  fate  piute  of  the  lathe  in  sueli  a  iDiinner 
that  the  piece  of  wurk  can  !>;■  removed  without  disturliiug  the 
location  of  tlie  gauge. 

A  short  plug  is  now  inserted  in  the  lioic  in  the  model.  It  is 
necessary  that  the  ping  sliould  fit  very  accurately.  By  means  nf 
a  lathe  indioiitur  tlio  giiugc  can  l>e  Incateii  so  that  the  plug  ruiw 
perfectly  triit.  When  tliis  lias  l>een  accomplished  tbe  model  may 
be  removed  :Lnii  I  lie  bushing  hole  drilled  and  bored  to  aize;  rftcr 
which  lliL'  husliiii;,'  may  be  made,  hai'dened,  gi'oand  to  siMiJI 
foi-ced  to  phicc. 

The  liK-atioii  of  the  drilled  hold  ' 
piece  of  woik  on  the  gauge  affi 
gauge  pin  in  the  hole  in  the 
:S26.     If  the  pin  is  a  olo«i 
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location  may  Ije  detected.  When  a  slight  error  in  location  is  al- 
lowable, and  it  is  not  considered  advisable  to  hold  the  location  too 
close,  the  pin  may  be  made  a  tritle  small,  thus  transforming  the 
gauge  into  a  limit  gauge. 

When  it  is  necessary  to  make  a  locating  gauge  for  testing  the 
center  distance  of  two  holes,  one  pin  may  be  made  removable, 
while  the  other  is  rigidly  fixed  as  shown  at  C  Fig.  327. 
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If  the  gauge  is  made  with  both  pins  fixed  it  is  a  difficult 
operation  to  remove  the  piece  of  work,  provided  the  pins  are  a 
good  fit  in  the  holes.  Withdrawing  one  pin  allows  the  piece  of 
work  to  be  readily  taken  from  the  fixed  pin. 


(O 
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When  making  a  gauge  of  the  form  shown  in  Fig.  327,  the 

fixed  pin  C  may  he  located  by  approximate,  measurements;  but 

lie  should  be  drilled  by  some  method  that  insures  the  pin 

perfectly  t-quare  with  the  base  of  the  gauge.     If  a  small 

variation  Is  permissible  in  the  center  to  center  measure- 

A,  the  model  may  be  placed  on  the  gauge  with  the  large 

ed  pin  C,  and  the  location  of  the  hole  for  the  mov- 

transferred  from  the  model  by  drilling  and  ream- 
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ing.  If  extreme  accuracy  is  essential,  it  will  be  advisable  to  place 
the  model  on  the  gauge  as  described,  clamp  the  model  to  the  gauge, 
then  fasten  the  gauge  to  the  face  plate  of  lathe,  place  an  accu- 
rately fitting  pin  in  the  small  hole  in  the  model,  and  by  means  of 
a  lathe  indicator  locate  the  gauge  so  that  the  pin  runs  perfectly 
true.  The  model  may  now  be  removed  and  the  hole  drilled  and 
bored  to  size. 
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For  centuries  iron  haa  been  the  most  useful  metal  known  to 
man.  In  the  earliest  periods  of  history,  stone  implements  were 
used  i  later  bronze,  an  alloy  of  copper  and  tin,  repliiced  stone. 
After  a  time  men  found  a  way  to  extmct  iron  from  its  ores,  and 
the  Iron  Age  began.  As  nothing  has  yet  been  discovered,  or 
invented,  to  take  the  place  of  iron  in  the  arts,  the  Iron  Age  has 
continued  until  the  present  day.  The  piocess  of  separating,  or 
extracting  iron  from  its  ores ;  of  smelting  and  refining  it ;  and  of 
making  it  into  its  most  useful  form,  steel,  is  called  the  metallurgy 
of  iron.  From  small  beginnings,  this  art  has  gradually  increased 
to  its  present  importance. 

ORB5. 

Iron  is  never  found  pure ;  it  is  always  compounded  with 
other  elements  or  minerals.  These  compounds,  called  ores  of  iron, 
occur  ill  enormous  quantities,  and  are  widely  distributed  in  the 
earth.  Tlie  value  of  an  ore  depends  upon  its  richnes.'f,  its  locality, 
the  ease  with  which  it  can  be  smelted,  and  its  freedom  from  phos- 
phorus and  sulphur.     The  principal  ores  are; 

Magnetite,  magnetic  iron  ore  (FcgO^).  It  ia  black,  heavy 
and  crystalline.  The  finest  quality  is  found  in  Sweden,  and 
sometimes  contains  as  high  as  72  per  cent  metalhc  iron.  This 
ore  nsually  eontiiins  from  40  per  cent  to  60  per  cent  metallic  iron. 
A  high  temperature  is  required  to  reduce  it. 

Hematite,  oude  of  iron  (FcgOj).  A  red  ore  containing 
alxiut  TO  per  cent  of  iron  when  pure;  it  is  sometimes  called 
Hard  Ore."  About  82  per  cent  of  all  the  ore  now  mined  in  the 
United  States  is  red  hematite. 

Limonite,  or  brown   hematite  (2Fe303   3HjO).      Coutains 

r  which  can  be  expelled  by  heat,  leaving  the  ere  of  a  reddish 
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color.  When  pure  this  ore  contains  about  60  per  cent  of  iron, 
and  from  8  per  cent  to  20  per  cent  of  water. 

Sideritey  or  carbonate  (FeCOg  )  or  (FeOCOj).  Thi9  is  an 
important  ore  in  Europe,  although  containing  only  about  48  per 
cent  iron.    It  requires  careful  preliminary  roasting  before  smelting. 

Iron  ores  are  never  found  pure  ;  they  contain  varying  quan- 
tities  of    silica,     alumina,    calcium,     manganese,    sulphur    and 

phosphorus. 

MINERALS. 

The  principal  minerals  used  in  iron  smelting  are : 

Iron  Pyrites  or  fool's  gold  (FeSj).  It  occurs  in  cubic 
crystals  and  bright  shining  scales.  This  mineral  is  used  as  a 
source  of  sulphur  in  the  manufacture  of  sulphuric  acid.  In  some 
cases  it  is  smelted  for  iron  after  its  sulphur  has  been  used. 

Franklinitey  or  oxides  of  iron,  manganese  and  zinc  (FeO 
MnO  ZnO)  (Fe^OgMngOj).  It  contains  about  46  per  cent 
of  iron.  It  is  used  in  the  manufacture  of  zinc  white  and  spiegel- 
eisen.  *' Spiegel,"  is  a  coarsely  crystalline  variety  of  cast  iron, 
with  large  crystal  planes  having  bright  reflections.  It  usually 
contains  about  five  per  cent  of  combined  carbon  and  10  per  cent 
to  20  per  cent  of  manganese. 

lAmestone^  Chalk  or  Oyster  Shells^  —  carbonate  of  calcium 
(CaCOg).     Used  as  a  flux. 

DoZomife, carbonate  of  calcium  and  magnesium  [(Ca  Mg)  CO3  ], 
sometimes  substituted  for  limestone. 

PREPARATION  OF  ORES. 

Usually  the  ore  is  broken  into  small  pieces  and  then  reduced 
to  metallic  iron  in  the  blast  furnace.  Sometimes  it  is  broken  into 
small  pieces,  piled  up,  and  exposed  to  the  air  and  rain.  By  this 
means  dirt,  sand  and  soft  rock  are  washed  out.  In  this  country 
iron  ore  is  seldom  roasted,  but  when  necessary  it  is  roasted  in 
kilns,  thus  di-iving  out  the  sulphur. 

THE  BLAST  FURNACE. 

The  blast  furnace  is  located  in  a  place  where  materials  may 
onomically  assembled,  product  cheaply  transported  to  mar- 
1  a  good  water  supply  is  available. 
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The  WtLst  fnniacc  is  a  vitiiiiliir  bi'iuk  ur  stone  slnicture,  lined 
with  fire  brick  anil  encased  in  sheet  iron.  The  general  ari'ange- 
nient  is  shown  in  Fig.  1.  The  throat  at  A  is  about  15  feet  in 
diameter;  the  main  portion  B,  called  the  shaft,  is  nearly  cylindrical 
and  al)oiit  CO  feet  high  and  20  feet  in  diameter.  The  lower 
portion  C.  which  is  shaped  like  an  inverted  fruBtum  of  a  cone,  is 
called  the  Ixishes  and  is  about  20  feet  high  and  I-l  feet  in  diameter 
in  the  smallest  part.  Below  the  boshes  a  cylindrical  portion  D, 
called  the  hearth,  extends  about  10  feet  and  is  lined  with  fire 
brick.  This  total  height  is  about  90  feet,  but  some  are  over  100 
feet  high.  The  tuyeres  T,  6  to  16  in  number,  are  pijies  through 
wliich  hot  blasts  of  air  are  blown  and  ai-e  built  into  the  brick- 
work about  6  feet  above  the  bottom  of  the  hearth.  The  tuyeres 
are  made  as  simple  as  possible  and  consti-ucted  so  that  they  may  l>e 
easily  taken  out  and  replaced.  The  bustle  pipe  K,  supplies  air  to 
the  tuyeres.  The  part  of  the  hearth  G,  below  the  tuyeres  is  called 
the  crucible,  which  being  subjected  to  intense  heat,  is  often  cooled 
by  water  flowing  through  a  series  of  open  gutters  around  it.  The 
boshes  are  kept  cool  by  wat«r  circulating  through  a  series  of  cool- 
ing riiiiis,  cast  in  lu-onze  blocks  and  set  in  the  brick  nr  niiisonry 
walls.  ' 

There  lire  two  ojyenings  in  the  enicibli'  \v;ill ;  the  upper, 
called  the  cinilor  notcii  for  the  removal  of  slag  en;  "cinder,"  and 
the  lower  for  tlie  innllen  rast  iiiin.  The  upper  or  *■  sliig  uye  "  S.  is 
stopi)ed  up  by  an  iron  plug  on  a  long  handlf  ;  but  tlie  lower  or 
"tap  liole  "  E  must  be  plugged  with  clay.  Halls  of  clay  are 
riniiuf  il  in  and  soon  baked  as  hard  as  stone  by  the  heat.  For  large 
furnaces  a  -glut'"  is  Used  to  force  tlie  clay  IwUs  into  the  hole. 
Tliis  clay  i<  two  or  three  feet  in  thickness  and  when  the  iron  is 
leady  to  How  nut  it  is  drilled.  The  work  ()f  drilling  through  this 
clay  is  c  >nsidi'nibh',  and  in  modem  furnaces  is  done  by  a  steam 
lap'pin-  hole  drill. 

Just  aUive  tlie  throat  is  ilie  l>ell  O  and  hopper  H  (Fig.  1)- 
The  materials  are  placed  in    the 
throat  nf  the  furnace,  by  lowering  tlte  ] 
and  !invi-i-.-il  Ity  levfrs  and  i-nitntpr-w^HghtSi-* 
compressed  air. 

The  gases  leave  the  ti 


METALLURGY. 


N ;  they  pass  through  a  dust  catcher  and  then  go  to  the  stoves 
and  boilers  to  be  used  as  fuel.  The  stoves  are  used  to  heat  the 
air  for  the  tuyeres,  and  the  boilers  furnish  steam  for  the  blowing 
engines  and  hoisting  engines. 

The  columns  M  support  the  weight  of  the  furnace.  The 
whole  rests  on  the  masonry  foundation.  The  space  F,  called  the 
expansion  space,  allows  for  the  expansion  of  the  inner  wall ;  it  is 
sometimes  packed  with  granulated  slag. 

MATERIALS. 

The  materials  used  in  the  blast  furnace  are : 

Ore9^  already  briefly  described. 

Fluxes.  Flux  is  the  substance  added  to  combine  with  the 
earthy  impurities  and  make  a  fusible  slag  which  floats  on  the 
molten  iron.  The  impurities  which  would  soon  clog  up  the  fur- 
nace, are  thus  removed.  Limestone  and  Dolomite  are  the  usual 
fluxes.  Oyster  shells  are  used  in  Maryland  on  account  of 
cheapness. 

Fuels.  The  fuels  used  ai*e  coke,  which  is  made  in  beehive 
ovens  from  soft  coal ;  charcoal,  which  is  wood  cliarred  in  heaps  or 
kilns ;  anthracite  coal,  and  very  rarely  bituminous  coal. 

The  fuel  depends  largely  upon  the  locality.  Charcoal  is  a 
good  blast  furnace  fuel  on  account  of  its  porosity,  slight  ash,  and 
freedom  from  sulphur.  Coke  is  the  best  fuel  because  it  is  strong 
enough  to  resist  being  crushed  by  the  great  weight  of  materials 
and  because  it  bums  rapidly  thus  giving  a  large  output.  Anthra- 
cite coal  breaks  up  very  fine  and  burns  to  CO  slowly.  A  good 
mixture  is  ^  coke  and  |  anthracite  coal.  Bituminous  coal  is 
i*arely  used  as  it  cakes  and  absorbs  heat. 

OPERATION  OR  RUNNING. 

Blowins^  in.  To  start  the  blast  furnace  it  is  fii-st  thoroughly 
dried  and  then  filled  with  cord  wood  to  about  lialf-way  up  the 
boshes.  Upon  this  is  placed  a  blank  charge  of  coke,  and  then 
successive  layers  of  fuel,  flux  and  ore,  with  gradually  increasing 
amounts  of  ore,  until  the  regular  charge  is  reached.  The  wood  is 
then  lighted  and  the  hot  blast  of  air  turned  on.  At  first  this 
blast  is  under  slight  pressure.  When  coke  is  used  the  iron  begins 
to  flow  in  about  15  to  20  hours  after  lighting. 
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The  ore,  fuel  and  flnx  are  brought  to  the  scales  in  barrows 
called  buggies.  They  are  then  weighed  and  wheeled  to  the 
elevator,  and  a  certain  number  of  barrows  of  each  dumped  into 
the  hopper.  In  many  large  furnaces  self-dumping  cars  are  ma  to 
the  top  on  an  inclined  railway,  and  the  charing  is  entirely  auto- 
matic. The  fuel  charge  is  usually  dropped  in  by  itself,  followed 
by  the  ore  and  flux.  The  level  of  stock  in  the  funmce  is  kept  con- 
stant by  regulating  the  chaiges.  T)ie  temperature  of  the  blast  is 
kept  as  nearly  constant  as  possible,  being  regulated  by  the  ad- 
mission of  cold  iiir.  Cold  water  is  kept  running  through  the  cool- 
ing rings  around  the  bosh  walls.  Slag  is  either  drawn  off  at 
intervals  or  continuously,  and  the  molten  iron  which  collects  in 
the  crucible,  is  drawn  oR  every  four  to  six  hours  by  drilling  the 
tap  hole.  It  runs  into  channels  formed  in  sand;  the  main  chan- 
nel is  called  the  sow,  and  the  smaller  ones  branching  from  it,  the 
pigs.  When  solid  the  pigs  are  broken  apart  and  stacked  ready 
for  transportation.  The  latest  development  in  pig  casting  is  an 
apparatus  consisting  of  an  endless  iron  mould  which  revolves  and 
receives  the  chaige  and  discharges  the  cooled  pi^  on  the  cars. 

The  furnace  ia  run  continuously  day  and  night  until  it  is 
necessary  to  shut  down  for  repairs.  Sometimes  furnaces  are  run 
continuously  for  three  to  five  years. 

A  good-sized  blast  fuiuaoe  using  coke  as  a  fuel,  will  produce 
SOO  tons  of  pig  iron  every  twenty-four  hours,  and  some  of  the 
largest  can  turn  out  600  tons. 

BANKING  THE  FURNACE. 

It  is  sometimes  necessary  to  sliut  down  the  furnace,  because 
of  a  falling  market,  a  flood,  or  a  strike.  If  it  is  to  be  banked  at  a 
moment's  notice,  the  lirst  thing  to  do  is  to  tap  out  the  metal,  shut 
off  the  blast  and  the  water  jitckets;  then  (.lose  the  furnace  so  that 
there  will  be  no  dmft  through  the  shaft.  The  tuyeres  are  blanked 
1^  ramming  in  clay  balls.  In  this  case  the  blast  should  be  resumed 
in  two  or  three  weeks.  If  there  is  time  to  plan  the  i 
down,  a  large  charge  of  fuel  ia  dumped  in  and  i 
containing  an  ii^cres'^ing  proportion  of  ore.  Tti«  )4Mtij 
when  the  fuel  reaches  the  tuyeres ;  thi:  b<:ll  scnleH  anil  the  flOflUnj 
water  decrea.-sed.  The  blast  need  not  \ie  reannied  itt.  tblli  c 
four  nr  live  months. 
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To  blow  out  for  repairs,  stop  the  ore  charges,  and  continue  to 

charge  fuel  with  a  small  amount  of  flux  until  the  flow  of  metal 

ceases. 

THE  CHBillSTRY  OP  THE  FURNACE. 

In  the  blast  furnace  the  oxides  of  iron  give  up  their  oxygen 
and  become  metallic  iron.  The  most  important  substance  for 
effecting  this  chsinge  is  carbon  monoxide  CO.  As  we  learned  in 
Chemistry,  CO  gas  has  an  affinity  for  oxygen,  tending  to  form 
CO2. 

At  the  tuyeres  the  carbon  burns  to  CO.  Neur  the  top  of  the 
furnace,  at  a  temperature  of  400°  to  600°  F,  this  CO  reduces  the 
iron  ore  (FcgO^)  to  metallic  iron,  thus 

FcgOg  +  SCO  =  2Fe  +  SCOj. 

The  iron  is  not  melted  here,  but  is  in  a  pasty  condition. 
The  charge  gradually  descends,  getting  hotter  and  hotter.  At 
the  boshes  it  is  at  a  bright  red  heat,  and  in  the  lower  part  the 
iron  begins  to  melt,  and  the  lime,  silica  and  other  earthy  mate- 
rials fuse  and  form  slag.  At  this  point  pai*t  of  the  silicon,  man- 
ganese, sulphur  and  phosphorus  are  reduced,  and  together  with  a 
little  carbon,  combine  with  the  iron.  In  the  crucible  all  is  melted 
and  the  temi>erature  is  above  2200°  F. 

SLAQ. 

The  earthy  uiaterials,  silica,  alumina,  and  sulphur  of  the  ore 
and  fuel,  combine  with  the  flux,  and  form  the  slag.  A  large  part 
of  the  sulphur  is  then  eliminated  from  the  ore ;  but  none  of  the 
phosphorus.  The  quality  of  the  iron  depends  largely  on  the  com- 
position of  the  slag.  If  a  high  lime  slag  is  used  in  order  to  reduce 
the  sulphur  and  silicon  in  the  pig  iron,  there  is  danger  that  the 
slag  may  not  run  well,  in  which  case  more  alumina  is  used.  A 
good  slag  has  approximately  the  following  constituents :  52  per 
cent  CaO  +  MgO,  16  per  cent  AlgOg  and  32  per  cent  SiOg. 

STOVES. 

In  the  flrst  blast  furnaces  cold  air  was  used  for  the  blast. 

were  introduced  to  effect  a  saving  of  fuel  and  to  increase 

"itrput.     The  waste  gases  from   the   blast  furnace   contain 

"»  per  cent  of  carbon  monoxide,  CO,  and  1  per  cent  of 
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hydrogen,  H.  These  gases  are  burned  with  air  in  brick  stoves  and 
the  fire  brick  flues  are  heated  to  redness.  Then  the  cold  air  blast 
is  run  through  and  is  heated  to  above  1000° F. 

Four  stoves  are  generally  used  in  a  set,  three  being  heated 
while  the  fourth  is  giving  out  heat  to  the  blast.  The  fuel  con- 
sumption with  a  hot  blast  is  about  one-half  that  with  a  cold  blast. 

CAST  IRON. 

The  iron  produced  by  a  blast  furnace,  known  as  cast  iron  or 
pig  iron,  is  impure.  It  contains  carbon,  phosphorus,  sulphur,  sili- 
con, manganese,  and  traces  of  other  elements. 

Cast  iron  is  brittle,  fusible  and  cannot  be  welded.  It  melts 
at  a  temperature  of  2100°F.  to  2300°F.  Gray  iron  is  more  fluid 
when  melted,  and  not  as  brittle  as  white  iron. 

Cast  iron  is  suitable  for  castings  because  it  expands  at  the 
moment  of  solidifying ;  this  expansion  is  due  to  the  change  -in  the 
position  of  the  crystals  and  results  in  a  sharp  impression  of  the 
mould.  The  casting  is  smaller  than  its  pattern  because  the  shrink- 
age in  cooling  from  a  red  hot  solid  is  greater  than  the  expansion 
at  the  moment  of  solidification.  If  iron  moulds  are  used,  the  sur- 
face of  the  casting  becomes  chilled,  which  causes  a  harder  surface. 

The  Tensile  Strength  of  cast  iron  is  13,000  —  29,000  pounds 
per  square  inch;  Compressive  Strength  82,000  —  145,000  pounds 
per  square  inch;  Modulus  of  Elasticity  14,000,000  to  -22,000,000. 

Pig  Iron  is  sometimes  graded  according  to  its  fracture. 
This  method  is  satisfactoiy  if  the  irons  are  made  from  uniform 
ores  and  mixture  of  fuels ;  but  is  unreliable  if  the  irons  are  pro- 
duced in  different  sections  of  the  country,  or  from  different  ores, 
(xrading  by  chemical  analysis  is  l)etter.  There  are  five  standard 
grades  according  to  hardness. 

No.  1.  Gray.  Fracture  rough.  It  is  dark,  open  grain  and  the  softest 
grade.  Used  exclusively  in  foundry  work.  Tensile  Strength  low.  Elastic 
Limit  low.     Turns  soft  and  tough. 

No.  2.  Gray.  Mixed  grain.  Harder  than  No.  1.  Fracture  less  rough, 
with  higher  Tensile  Strength  and  Elastic  Limit  than  No.  1.  Used  in 
foundry.    Turns  harder,  less  tough  and  more  brittle  than  No.  1. 

No.  3.  Gray.  Close  grain.  Used  in  foundry  and  rolling  mill.  Turns 
harder  and  less  tough  than  No.  2. 

No.  4.     Mottled.     Dotted  with  small  black  dots   of  graphite.     Little 
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ffnAn,    Used  in  rolling  mill.    Lower  Tensile  Strength  and  Elastio  Limit 
than  No.  8. 

No.  5.  White,  no  gi*ain,  smooth  fracture.  Used  in  the  Bessemer 
process  and  in  the  rolling  mill.  Tensile  Strength  and  Elastic  Limit  lower 
than  No.  4.    Too  hard  to  turn  and  very  brittle. 

The  following  table  gives  average  analyses  of  the  various 
grades  of  cast  iron,  the  amounts  being  given  as  per  cents: 


Grade 
Number. 

Iron. 

Graphitic 
Carbon. 

Combined 
Carbon. 

SiHcon. 

Phos- 
phorus. 

1.25 

1.08 

.2(5 

.19 

.04 

Sulphur. 

Mangan- 
ese. 

1 

2 
3 
4 
5 

92.37 
92.31 
94.66 
94.48 
94.68 

3.52 
2.99 
2.50 
2.02 

.13 

.37 

1.52 

1.98 

3.83 

2.44 

2.52 

.72 

.56 

.41 

.02 

.02 

Trace 

.08 

.02 

1 

.28 
.72 
.34 
.67 
.98 

INFLUENCE  OF  CARBON,  SILICON,  PHOSPHORUS,  SULPHUR  AND 

MANGANESE. 

Carbon.  The  state  of  the  carbon  in  the  pig  iron  Is  a  most 
important  factor  in  the  quality.  If  the  carbon  is  combined  with 
the  iron  in  the  form  of  an  alloy,  a  hard,  brittle,  white  iron  is  pro- 
duced. If  it  is  present  mainly  as  graphite  distributed  as  small 
crystals  throughout  the  entire  mass,  the  iron  is  soft  and  gray  in 
color,  but  not  as  strong  as  white  iron.  Gi*ay  iron  expands  more  on 
solidifying  and  contracts  less  in  cooling  than  white  iron. 

Silicon.  The  amount  of  silicon  and  the  i-ate  of  cooling 
determine  the  proportion  of  graphitic  to  combined  carbon  in  the 
casting.  Increasing  the  silicon  in  cast  iron  increases  the  propor- 
tion of  graphitic  carbon,  thus  making  the  iron  softer.  A  large 
quantity  of  silicon  rendera  the  iron  stiff  and  weak. 

Phosphorus,  Phosphorus  in  general  weakens  cast  iron,  but 
it  is  not  harmful  if  less  than  1  per  cent  is  present.  In  some  cases 
phosphorus  is  beneficial,  as  it  decreases  shrinkage  and  increases 
fluidity.  For  small,  thin  castings,  iron  may  contain  a  little  over 
1  per  cent  phosphorus. 

Sulphur.     Sulphur  makes  ciustings  hard  and  unsound.      It 
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also  prevents,  the  iron  from  flowing  well.  The  amount  of  sulphur 
should  not  be  over  .5  per  cent  for  sharp  castings. 

Mansanese.  Manganese  in  cast  iron  increases  hardness  and 
shrinkage  and  makes  it  more  brittle.  Manganese  makes  the  iron 
capable  of  holding  more  carbon.  Sometimes  the  amount  of  carbon 
is  as  high  as  5  per  cent,  as  in  Spiegel. 

Manganese  with  some  chill  is  used  in  the  foundry  to  produce 
hardness  of  surface.  The  magnetism  of  iron  is  decreased  by 
manganese  ;  if  25  per  cent  is  present  all  magnetism  is  lost. 

CASTINGS. 

In  order  to  get  a  good  casting,  an  iron  having  the  following 
requisites  should  be  used  : 

Shows  gray  fracture. 

Is  easily  worked  by  tools. 

Fills  the  mould  to  the  thinnest  parts. 

Chills  with  a  smooth  surface. 

Free  from  blow-holes. 

Has  moderate  strength. 

Little  shrinkage. 

An  iron  with  the  following  constituents  fills  these  conditions: 

Carbon,  8>^  per  cent. 

Silicon,  iy2  per  cent  to  2  per  cent. 

Phosphorus,  not  over  .7  per  cent. 

Sulphur,  ouly  a  trace. 

Manganese,  .35  per  cent  to  .70  per  cent. 

For  large  ciistings  lower  the  silicon.  For  increase  in  strength 
lower  the  carbon,  silicon  and  avoid  pho.sphorns.  For  resistance 
to  chemical  action  make  the  manganese  as  high  as  hrittleness  will 
allow. 

Silver-gray  and^ferro-silicon  irons  are  used  to  increase  silicon. 
Si)iegel  and  ferro-manganesc  are  used  to  increase  manganese. 
Both  wrought  iron  and  steel  scrap  are  used  to  reduce  carbon. 

HALLE  ABLE  CAST  IRON. 

Malleable  cast  iron  is  a  crude  form  of  wrought  iron  obtained 
by  decarlx)nization.  The  castings  are  made  in  the  ordinary  way 
from  low  silicon  iron  with  little  phosphorus  and  sulphur  ;  they 
are  embedded  in  oxide  of  iron  or  i)eroxide  of  manganese  and 
heated  to  a  red  heat  until  most  of  the  carbon  is  removed  from  the 
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surface.     The  time  necessary  for  this  operation  is  three  to  four- 
teen days,  depending  upon  the  size  of  the  casting. 
An  analj^is  for  good  malleable  iron  is : 


SI             .75 -1.00  per  cent. 

P 

.20  per  cent. 

S              below  ,06  percent. 

Hn.Mt 

0  .15  per  cent. 

ThlairtlbeaNo.  Sirou. 

In  making  malleable  castiugs,  sharp  angles  and  abrupt 
changes  from  heavy  to  light  sections  should  be  avoided.  Several 
thin  ribs  in  place  of  one  thick  rib  should  be  used.  As  mucli  sur- 
face as  possible  should  he  exposed,  as  the  sti-ength  lies  in  the 
ekin. 

WROUGHT  IRON. 

Removing  most  of  the  carbon,  silicon,  phosphorus  and  mangan- 
ese from  pig  iron  makes  it  tough,  malleable,  harder  to  melt  and 
capable  of  being  welded.  This  iron  is  known  as/wrought  iron, 
and  is  obtained  by  a  process  called  puddling.  The  operation  of 
making  wrought  iron  from  the 
ore  is  called  a  Direct  Process. 
On  account  of  its  simplicity  it 
was  the  first  used. 

The  Direct  Processes  are 
carried  on  at  a  low  temperature ; 
the  production  is  small  and  vari- 
able, aud  about  20  per  cent  of 
the  iron  in  the  ore  is  lost.  One 
of  the  oldest  methods  of  making 
is  the  Catalan  Process.  Ore  of  egg 
As  the  smelting 
As  the 


Fig.  2. 


wrought  iron  directly  from  the 

size  is  charged  at  B,  Fig.  2,  and  charcoal  at  A. 

progresses,  charcoal  and  moist  fine  ore  are  charged  at  A. 

ore  becomes  reduced  it  works  towards  the  tuyere;  when  it  is. all 

reduced  it  is  taken  out  in  a  large  lump  called  the  *'  loupe  "  and 

worked  under  a  hammer. 

There  are  other   processes,  but   they   are   unimportant  and 
most  all  have  Leen  abandoned. 


THB  PUDDLINQ  PROCESS. 

The  refining  of  pig  iron  by  puddling  converts  it  into  wrougiit 
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I  iron.     This   process   is   carried   on  in    a    reverberatory    furnace. 
I  Fig.  3  shows  sectional  view  of  the  plan  and  elevation. 

The  furnace  has  a  low-arched  roof  and  oval  hearth  H.  The 
lie  from  the  iire  passes  over  the  charge  of  iron,  wliicli  is  melted 
by  the  intense  heat.  The  pig  iron  used  in  this  process  ia  gray 
and  unrefined  and  has  more  silicon  than  white  iron.  The 
fettling  or  lining  L  of  the  heartli  is  made  of  good  magnetite  or 
hematite.      The  fettUng   is   re[iaired   after    eveiy  heat. 


Carbon,  silicon,  manganese,  pliosj 
with  oxygen  from  the  hot  blast  and  tht 
ducing  the  molten  metal  to  wroilj 
whole  of  the  metal  may  c 
stirred  constantly  by  rods  o 
minntes  to  melt  down,  i 


METALLURGY.  10 


CO  g9&^  which  makes  a  violent  boiling  for  alx)iit  15  minutes. 
The  silicon,  manganese,  etc.,  oxidize  and  form  a  slag.  When  all 
the  carbon  is  boiled  out,  bright  points  appear  and  the  iron  becomes 
pasty.  The  iron  is  gathered  into  balls  and  then  worked  under 
the  hammer  and  rolls  to  expel  the  slag.  It  is  afterward  reheated 
and  rolled  between  grooved  rollers,  which  causes  the  particles  to 
become  close  together.  If  the  bar  is  rolled  once  it  is  called  muck 
bar;  if  cut  up,  heated  and  rolled  again,  merchant  bar  ;  the  best 
l)ar  iron  is  rolled  a  third  time. 

The  Puddling  Process  and  the  manufacture  of  wrought  iron 
is  gradually  giving  way  to  mild  steels ;  but  because  of  the  small 
amount  of  slag  it  contains  l)etween  the  fibres,  which  acts  as  a  flux, 
wrought  iron  welds  much  easier  than  steel  and  is  preferred  by 
blacksmiths. 

The  Paddling  Process  is  expensive  on  account  of  the  large 
amount  of  fuel  used  in  the  production  of  metal.  About  one  ton 
of  fuel  is  necessary  to  produce  one  ton  of  muck  bar.  For  this 
reason  and  on  account  of  the  expense  of  the  mechanical  work  of 
puddling,  many  efforts  have  been  made  to  produce  a  cheaper  and 
more  simple  process. 

Boilers  have  been  mounted  over  the  furnace  to  utilize  the 
waste  gases  as  fuel,  but  on  account  of  the  fluctuating  heat  of  the 
furnaces  they  have  not  been  entirely  successful.  Water-tube 
l)oilers  mounted  in  this  way  have  been  the  most  satisfactory. 

There  are  several  contrivances  to  save  fuel  and  labor,  but  as 
the  mechanism  is  likely  to  get  out  of  order,  they  are  not  always 
reliable.  For  saving  of  lalx)r,  the  Dank^s  Puddling  Furnace, 
Fig.  4,  is  the  most  eflicient  and  satisfactor}''  of  the  mechanical 
puddlers.  It  is  shaped  like  a  short  barrel,  lying  on  its  side.  It 
is  supported  by  friction  rollers,  two  at  each  end,  and  driven  by  a 
large  gear  G  around  its  middle.  In  this  furnace  the  revolving  of 
the  hearth  takes  the  place  of  puddling  or  stirring  by  hand. 

Iron  ore  worked  in  layers  at  low  heat  forms  the  fettling.  It 
is  fed  with  molten  iron  from  a  furnace  by  means  of  a  ladle.  In 
some  places  this  furnace  is  used  for  ordinary  puddling,  and  in 
others  for  making  wrought  iron  for  the  Open-hearth  and  Siemens 
Processes  for  making  steel. 

Wrought  iron  contains  from  .6  per  cent  carbon  to  only  a 
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trace ;  as  carbon  decreases,  malleability  increases,  and  tbe  melting 
point  rises.     The  melting  point  of  good  wrought  iron  is  aliOBt  ] 
8000=F. 


Wrought  iron  contains  about  2  per  cent  of  slag  distribtite 
among  tha  fibres.     It  is  always  present  because  the  iron  is  fiiushe^l 
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in  a  pasty  condition  and  the  slag  is  never  completely  removed*  by 
the  subsequent  squeesing  and  rolling. 

The  fracture  of  wrought  iron  is  coarsely  fibrous,  sometimes 
showing  a  few  bright  granular  spots.  The  best  iron  is  granular 
when  broken  suddenly. 

The  reduction  of  area  of  bars  by  rolling  influences  the 
strength  and  elastic  limit.  In  general,  the  greater  the  reduction 
the  higher  the  strength  and  elastic  limit.  Underheated  bars  have 
an  unduly  high  tenacity  and  elastic  limit. 

The  absolute  strength  of  wrought  iron  is  not  materially 
altered  by  cold.  The  extensibility,  or  ductility,  is  not  less  in 
severe  cold  than  at  ordinaiy  temperature.  The  modulus  of 
elasticity  rises  as  the  temperature  falls. 

WBLDINQ. 

The  process  of  welding  consists  of  heating  two  pieces  of  iron 
to  a  high  temperature,  laying  them  together  and  hammering. 
Borax  is  sometimes  sprinkled  on  the  surfaces  to  be  united,  in 
order  to  keep  them  bright.  This  is  accomplished  by  the  union  of 
borax  with  the  oxide  forming  a  fusible  borate.  In  order  that  the 
form  of  the  piece  after  welding  may  not  be  spoiled  by  ham- 
mering, the  two  ends  to  be  joined  are  upset  and  scarfed.  The 
upsetting  makes  the  ends  larger,  so  that  they  may  be  hammered 
without  making  the  joint  too  small,  and  the  scai-fing  roughens  the 
ends,  making  the  pieces  join  more  easily. 

STEEL. 
CEMENTATION  PROCESS. 

Cement  or  blister  steel  is  made  from  wrought  iron  by  this 
simple  process.  The  purest,  soft  wrought  iron  is  heated  to  red- 
ness while  completely  covered  with  charcoal.  The  temperature  is 
kept  constant  for  over  a  week.  The  iron  takes  up  some  of  the 
carbon  from  the  charcoal  and  is  converted  into  steel.  It  is  called 
blister  steel  on  account  of  its  appearance,  the  surface  being 
covered  with  small  scales  or  blisters.  These  bars  of  blister  steel 
are  cut,  heated  and  rolled  together,  forming  shear  steel.  If  the 
pi-ocess   is   repeated,  the   product  is   called  double  shear  steel. 
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Blister  eteel  that  has  been  out  itp,  melted  in  a  black-lead  pot  and 
cast  in  an  ingot,  is  called  cast  or  crucible  steel. 

The  metal  used  in  Sheffield,  England,  is  wrought  iron  made 
from  Swedish  pig  iron.  Hammered  wrought  iron  bars  are  laid  in 
firestone  pots  in  layers,  surrounded  with  charcoal.  At  one  end  is 
placed  a  test  bar,  so  arranged  that  it  may  be  drawn  out,  examined, 
and  returned.  The  temperature  is  gradually  increased  for  7  days 
to  about  1150"  F,,  and  then  the  furnace  is  kept  at  this  temperature 
for  7  or  8  days  more.     It  takes  7  days  for  it  to  cool  down. 

When  the  bars  are  taken  from  the  cliarooal,  the  outside 
layers  are  converted  into  steel,  leaving  the  center  wrought  irqn. 
The  use  for  which  this  steel  is  Intended  determines  the  amounc 
of  conversion ;  the  various  kinds  are  classified  as  follows : 


(1)     Spring  heat,  .5  per  cent  C 
Large  iron  center. 


t  per  cent  C. 


,  .75  [Hsi-  cent  C 


(2)     Country  heat,  .' 
Smaller  iron  center. 


(3)     Single  shear  lie 
Equal  iron  and  steel. 


(4)  Double  slieai  heat.  1  per  c. 
Mostly  stet'l . 

(5)  St^el  tiii-ougli  heat,  1.25  percent  t',         5 
^11  steel.  AND 

(6)  Melting  heat,  1.5  per  cent'C> 

All  steel. 

The  i-eiictinn  which  t 
4Ke  +  2CQ 
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CRUCIBLE  PROCESS. 


becai 

■r 


Tlie  materials  are  bar  iron  with  charcoal,  puddled  bar  or 
blister  steel  and  charcoal.  The  crucibles  are  made  of  clay  or 
graphite,  with  a  capacity  of  50  to  85  pounds.  The  chai^  ie  put 
into  the  crucible,  and  after  melting  is  allowed  to  stand  for  a  time, 
called  the  killing  pei-iod,  and  then  poured  into  moulds. 

In  American  practice,  graphite  crucibles  are  used,  which  are 
made  from  a  mixture  of  Are-clay  and  sand,  and  about  50  per  cent 
graphite.  This  mixture  in  ground,  allowed  to  stand  for  a  few 
days,  and  is  then  moulded  by  being  pressed  into  a  wooden  mould. 
When  dry,  it  is  baked  in  a  kiln.  These  crucibles  can  be  used 
about  five  times,  if  the  successive  charges  are  gradually  diminished 
in  amount. 

The  crucible  is  charged  cold.  The  pieces  of  iron  are  sur- 
rounded with  charcoal,  with  a  Utile  manganese,  and  sometimes  a 
little  salt  or  ferrocyanide  of  potassium  mixed  with  it.  This  cru- 
cible, after  being  covered,  is  placed  standing  on  the  coal  in  a  hot 
furnace.  After  three  hour^,  during  which  the  contents  are 
melted,  the  cover  is  lifted,  and  the  melter  examines  the  charge 
to  determine  the  length  of  the  *' killing"  period.  Daring  this 
peiiod,  which  is  about  45  minutes,  the  metal  is  becoming  tran- 
quil and  is  taking  silicon  from  the  sand  in  the  walls  of  the  cru- 
cible. The  silicon  prevents  blow-holes.  At  the  right  time  and 
temperature  the  crucible  id  lifted  out  and  the  slag  skimmed  off. 
The  metiil  is  now  ready  for  casting,  or  "  teeming."  This  is  done 
hy  pouring  the  metal  into  split  moulds. 

The  ingots  are  graded  and  hammered  into  bare  for  different 
uses.  Crucible  steel  furnishes  the  finest  grades  for  cutlery  and 
machine  tools ;  it  is  superior  to  Bessemer  and  Open-hearth  steel, 
because  pure  materials  are  used  and  the  process  is  carried  on  in  a 
C^DBeA  "vessci,  thus  protecting  the  metal  from  sulphur  gases  from 
the  fuel. 

It   hits  low   phosphorus,   low  sulphur,   no   iron  oxide,  less 
?s,  higli  carbon  and  high  silicon. 

Crucible  steels  are  graded  as  follows  : 

r,    l}i  per  cent  C.    Euily  bumed,  very  hard  temper,  welded  with 
*.    IM  per  cent  C.    Not  eaullj  bamed,  hard  temper. 
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Totd.  IX  pel  cent  C.  Not  •mIIj'  tramed,  hard  temper,  weldod  witk 
difficulty. 

5plndle.  1  >i  per  oent  0.  Not  eully  burned,  bard  temper,  welded  with 
difficult;. 

ChlMl.    1  per  cent  C.    Koteuilf  burned,  fAli  temper. 

Set.    ^  per  cent  C.    IHfflcult  to  bura,  little  temper,  eM7  to  weld. 

Di*.    y  per  cent  C.    Difficult  to  bum,  little  temper,  euy  to  weld. 

THE  BESSEMER  PROCESS. 

Beesemer,  by  hia  experiments,  found  that  the  temperatnre  of 
molten  metal  was  raised  by  blowing  a  current  of  air  through  it. 


Fig.  s. 

He  tried  to  make  wrought  iron  from  pig  iron,  but  found  that 
the  metal  tnken  from  the  converter  at  that  point  was  worthless; 
by  restoring  carbon  by  means  of  an  alloy  the  product  was  better 
than  wrought  iron. 

By  this  process  steel  is  made  from  pig  iron  by  burning  oat 
the  foreign  substances  and  replacing  the  necessary  amounts  of 
carbon,  and  manganese.     These  foreign  substancea — silicon,  car* 
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bon  and  manganese  —  are  burned  out  by  blowing  a  blast  of  cold 
air  through  the  molten  pig.  The  desired  amounts  of  carbon  and 
manganese  are  replaced  by  mixing  the  proper  proportion  of 
Spiegel  with  the  molten  pig. 

The  process  is  carried  on,  not  in  a  furnace  but  in  a  vessel 
called  a  converter,  in  which  molten  pig  is  "converted"  into  steel. 

There  are  several  fonns  of  converters.  Fig.  5  shows  a  con- 
centric converter.  It  is  round,  with  a  detachable  flat  bottom. 
The  outer  casing  is  of  sheet  iron.  It  is  filled  and  emptied  at  the 
nose  A.  The  current  of  cold  air  enters  through  the  pipe  C,  and 
passes  through  the  trunnion  T.  It  enters  the  converter  from  the 
wind-box  B,  passing  through  the  tuyeres  F.  The  tuyeres  are  of 
fire  brick  24  to  28  inches  long,  and  have  19  holes  -^^  inch  in 
diameter,  or  7  holes  |  inch  in  diameter.  The  trunnion  rings 
N  are  fastened  to  the  converter,  which  turns  on  the  trunnions  T. 
The  bottom  is  coupled  on  with  clamps. 

The  pig  iron  is  not  melted  in  the  converter,  but  poured  into 
it  in  a  molten  state. 

There  are  two  processes  of  working. 

(1.)  The  Acid  Bessemer. 

(2.)  The  Basic  Bessemer,  br  Thomas-Gilchrist. 

The  difference  is  in  the  lining  of  the  converter.  If  this 
lining  is  acid  (siliceous)  no  phosphorus  or  sulphur  is  burned  out 
of  the  pig.  Only  irons  with  small  amounts  of  these  elements 
can  be  used  in  this  process.  If  the  lining  is  of  lime  or  magnesia 
all  the  phosphorus  and  almost  all  of  the  sulphur  can  be  burned 
out.  Only  a  high  phosphorus  pig  can  be  used  in  the  basic  proc- 
ess, as  the  heat  needed  to  keep  the  steel  liquid,  during  casting, 
is  obtained  from  the  phosphorus. 

The  Basic  Process  is  used  in  Germany  with  good  results. 

In  both  processes  the  carbon,  silicon,  manganese,  etc.,  are 
oxidized,  leaving  the  molten  iron  in  a  condition  similar  to  that  of 
wrought  iron.  The  carten  passes  away  as  CO,  and  the  oxides  of 
silicon  and  manganese  with  a  little  iron  oxide  form  a  slag.  Molten 
Spiegel  is  added  to  give  it  the  necessary  carbon,  and  a  little 
manganese  to  make  it  malleable.  The  molten  pig  is  obtained  in  two 
ways ;  by  melting  the  pig  in  cupolas,  called  the  Cupola  Process ;  and 
by  taking  the  iron  from  the  blast  furnace,  called  the  Direct  Process. 
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THE  CUPOLA  PROCESS. 

Pig  iron,  from  piles  which  have  been  sampled  and  analyzed, 
is  loaded  into  trucks  and  wheeled  to  the  cupolas.  The  compoBi- 
tion  of  this  mixtui*e  is  about  as  follows  : 

Silicon  1.75  per  cent. 

Manganese  .75  per  cent. 

Sulphur  less  than  .05  per  cent. 

Phosphorus  less  than  .10  per  cent. 

Copper  less  than  .10  per  cent. 

This  is  weighed,  hoisted  to  the  cupola  and  dumped  in. 
Spiegel  is  sampled,  analyzed  and  melted  down  in  smaller  cupolas. 
The  fires  in  the  cupola  are  started  with  wood  upon  which  is 
placed  coke ;  the  charges  of  pig  iron  being  dumped  on  the  coke. 
It  takes  about  two  hours  to  melt  the  first  charge.  As  some 
silicon  bums  out  in  the  cupola  the  percentage  is  reduced.  ,  When 
the  iron  goes  into  the  converter  there  must  be  from  1  to  2  per 
cent  silicon  present,  depending  on  the  temperature  of  the  iron. 

THE  DIRECT  PROCESS. 

In  the  ordinary  blast  furnace,  different  casts  differ  too  much 
in  silicon  and  sulphur  to  allow  taking  the  metal  as  it  flows  from 
the  furnaces  into  the  ladle  and  then  to  the  converter.  Therefore, 
it  is  first  poured  into  large  reservoirs  or  mixers,  in  which  the 
casts  from  the  different  funiaces  are  mixed.  In  Sweden,  how- 
ever, the  product  from  a  number  of  small  charcoal  furnaces  is 
regular  enough  for  the  iron  to  be  used  directly.  The  iron  is 
taken  from  the  mixei-s  as  wanted  and  used  as  cupola  iron.  If  the 
iron  stands  in  the  mixer  a  long  time  some  sulphur  is  eliminated, 
but  no  carbon  or  silicon.  To  prevent  the  iron  from  chilling  on 
top,  a  jet  of  oil  is  sprayed  over  it.  As  the  temperature  of  direct 
iron  is  greater  than  that  of  cupola  iron,  less  silicon  is  needed. 

Blowing.  The  heated  bottom  is  coupled  on  and  the  joint 
rammed  tight  from  the  outside.  When  the  lining  is  made  yellow- 
hot  by  means  of  a  fire  of  wood  and  coal  with  a  gentle  blast,  the 
iron  from  the  cupola  or  the  mixer  is  poured  in  and  the  blast 
turned  on. 

The  converter  is  turned  up  to  a  vertical  position,  as  shown 
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in  Fig.  6,  as  it  is  filled  when  tamed  down  on  its  side.  The  blast 
rushes  up  through  the  bath,  and  silicon  begins  to  oxidize  raising 
the  temperature  high  enough  for  the  carbon  to  bum.  Carbon 
bums  to  CO.  The  blower  judges  whether  there  will  be  enough 
heat  to  keep  the  steel  liquid  during  the  casting,  by  the  appear- 
ance of  the  Same  which  conies  out  of  the  throat  of  the  conyerter. 
If  he  thinks  there  will  not  be  enough  heat,  the  converter  is  turned 
half-way  down  and  the  CO  bums  to  CO^-  Fig.  7  shows  the 
converter  tumed  down  until  the  tuyeres  are  exposed. 


FiR.  «. 


Fig.  7. 


In  case  there  in  too  much  silicon  for  gooil  working,  or  if  the 
charge  is  too  hot,  cold  steel  scrap  is  dropped  into  the  nose  of  the 
converter  from  a  platform  above.  The  scrap,  being  free  from 
silicon,  reduces  the  percentage  of  silicon  in  the  converter.  If 
the  steel  is  made  too  hot  it  will  not  roll  well.  Sometimes  )i  jet 
of  steam  is  admitted  to  the  blast  pipe  to  cool  down  a  charge. 
The  carbon  in  reduced  to  about  .05  per  cent  after  about  12 
ntJQutes  blowitig  under  a  prestace  of  90  {bMOils  ^r  square  inch. 
Tbis  is  shown  by  a  shorter  fl*qi«.  A^-  tIMiat  )«t«r  the  Haxnt 
hVsom^B  fringed  with  browQ  S()(td)t6  wliiA^^  ^As'^t-  ^^  <^<>°' 
v«rt«r  is  now  ready  for  thfl  ^«g«l.  ^tV  tfMlflr^  CbtttaiuB  aboat 
20  per  cent  manganese  and  4.5  per  cent  ilttlMti.  If  hard  6t«el  is 
l^eing  made,  spiegel  is  ii8«d,  but  if  it  is  Wi  be  Sftft,  whii^h  r*qnireR 
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some  manganese  and  but  little  carbon,  ferro-manganese  is  used  in- 
stead of  spi^^l.  This  has  80  per  cent  manganese  and  6.5  per  cent 
carbon.  The  amount  of  molten  sptegel  added  is  about  10  per 
cent  of  tlie  weight  of  the  converter  charge,  and  of  ferro-manganese 
from  1  per  cent  to  .8  j>er  cent.  The  feiTo-mangautse  is  not  remelted 
but  shoveled  red  hot  in  pieces  t^e  size  of  an  egg  into  the  casting 
ladle.  After  the  steel  has  been  poured  out  into  the  ladle  most- 
of  the  slag  remains  in  tlie  converter.  It  is  dumped  into  a  car 
beneath  by  tipping  the  converter  bottom  up.  This  loss  or  waste 
is  from  10  per  cent  to  12  per  cent. 

The  charge  varies  from  5  tons  iu  a  small  converter  to  20 
tons  in  a  large  one,  and  a  new  char^  is  blown  every  twenty 
minutes.  The  bottoms  of  the  converters  are  examined  and  any 
had  tuyeres  ai-e  plugged  with 
plumhi^  mud  and  blanked. 
The  life  of  one  of  these  bottoms 
varies  from  18  to  25  "blows." 
The  conditions  which  injure  the 
lK>ttom  are  low  blast,  a  great 
deptli  of  metal  aliove  the  tuyeres, 
too  much  ALOy  and  Fe^Oj  in 
the  gai lister  mixturt;.  iiiid  dam]>- 
iiess  of  tlie  lepairing  material. 
The  bottoiiiH  are  tlriedfoiir  days 
in  a  drying  oven;  several  of  these 
are  a]*ays  kept  on  liaiul  drying,  for  if  not  abnolutelj-  dry,  they 
aie  useleas. 

"  Acid  "  Converter  Lining.  Converter  are  lini-d  with  blocks 
of  ganister  with  the  joints  faced  with  ganister  mud.  If  jnire 
ganister  is  used  it  is  likely  to  give  trouble  im  account  of  its  ex- 
pansion under  heat.  Too  much  Al^Og  causes  the  liiiincj  to  luflt 
out  rapidly.  ■  The  Itottom  is  lined  with  h  mixtui-e  of  jji-ound  gan- 
ister and  fire  clay,  Ganij-ftrr,  a  fliiity  sandstone,  is  ronip<xsed  of 
about  08  per  cent  of  SiO^  with  about  1  l>er  cent  or  2  per  cent 
of  FeaOj -f  AUO3.  The  fire  clay  has  about  8fi  per  cent  of 
SiO„.  10  per  cent  AljOg  and  4  per  cent  of  alkalies.  If  the 
manganese  in  th(;  pig  iron  is  less  than  1|  l>er  cent  the  linings 
last  for  months.     A   liigli  lime  slag  in  the  pig  will  rapidly  flux 
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the  SiOg  of  the  lining.  The  nose  section  is  lined  with  brick  or 
stone  and  lasts  but  a  short  time. 

The  Casting  Ladle.  The  general  shape  and  arrangement  of 
the  casting  ladle  is  shown  in  Fig.  8.  The  shell  is  made  of  iron 
plate  and  is  lined  with  a  layer  of  brick  and  upon  this  is  pounded 
moist  loam.  The  bottom  G  is  made  of  rammed  ganister  mate- 
rial. The  pouring  hole  is  fitted  with  a  cylindrical  brick  nozzle, 
with  a  liole  2  to  4  inches  in  diameter.  The  stopper  A  sets  upon 
a  bowl  shaped  seat.  .  The  stopper  and  stopper  slide  are  shown  in 
the  figure.  The  tMid  of  this  stopper,  which  fits  the  seat,  is  made 
of  plumbago.  I'he  lining  of  the  casting  ladle  lasts  about  40 
blows.  A  new  nozzle  and  stopper  is  put  in  about  every  fourth 
blow. 

rioulds.  The  moulds  must  be  hard  enough  to  withstand  the 
strain  caused  by  expansion  and  contraction  when  heated  or 
uoolecl,  yet  not  brittle.  These  moulds,  if  made  of  iron,  have 
a  composition  as  follows : 

Silicon  1.7    per  cent 

Phosphorus  .1    per  cent 

>ranc:anese  .75  per  cent 

Moulds  are  made  of  gray  iron  as  white  iron  is  too  brittle. 
These  moulds  last  al)oiit  90  operations. 

INGOTS. 

Method  of  Pouring.  Great  care  is  necessary  in  the  pouring 
of  ingots.  They  should  be  poured  in  such  a  manner  as  to  pre- 
vent spattering,  oxidation  of  the  surface  and  injury  to  the  mould. 
There  Jirc  three  principal  methods:  Top  pouring,  the  most 
natural,  bottom  pouring,  and  a  combination  of  top  and  bottom 
}>ou^in<,^  The  t^reatest  objection  to  ordinary  top  pouring  is  that 
of  spattt'rino;  and  oxidation  of  the  surface.  These  are  partly 
ov4Mconu'  b}'  the  admission  of  the  molten  metal  through  a  pipe 
whicli  reaches  nearly  to  the  l)ottom  of  the  niould.  By  mechanical 
means,  this  [)ipe  slowly  recedes,  so  that  the  distance  between  its 
end  and  the  surface  of  the  metid  is  nearly  constant.  If  the  mould 
is  bottom  poured,  the  metal  at  the  bottom,  being  kept  hot,  has  a 
tendency  to  thin  the  bottom  and  walls  of  the  mould.  If  they  be- 
come too  thin  they  are  likely  to  cmck  or  burst.     The  slag  has  to 
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rise  through  the  entire  column  of  metal  and  if  tiiis  becomes 
cooled  particles  of  slag  become  entangled.  Also,  the  slag  has  a 
tendency  to  solidify  in  the  pipe  by  wUch  the  metal  is  introduced, 
thus  causing  poor  ingots.  The  best  results  have  been  obtained 
from  i|  combination  of  top  and  bottom  pouring.  Dnring  the  first 
half  of  the  time  the  metal  is  bottom  poured  and  then  finished  by 
top  pouring.  In  this  case,  the  gases  and  slag  have  only  a  short 
distance  to  rise. 

Shape  of  Ingots.  Ingots  are  usually  square  with  rounded 
comers  slightly  tapered  to  one  end,  so  that  they  may  be  easily 
removed  from  the  mould. 

Gases  and  slag  rise  to  the  top  of  the  ingot.  Sometimes  a 
^^  pipe  "is  formed  in  the  center  by  the  metal  solidifying  and 
shrinking  away  from  the  center.     To  prevent  this  the  top  is  kept 

liquid  longer  by  a  covering  of  sand. 
It  is  advantageous  to  keep  the  cavity 
near  the  top,  so  that  a  large  portion 
of  the  ingot  will  be  sound.  Another 
method  is  to  cast  ingots  one  on  top 
of  the  other  in  a  column,  pouring  one 
as  soon  as  the  preceding  one  has  begun 
to  solidify.  This  brings  the  cavity 
and  imperfections  in  the  Last  ingot. 
Another  remedy  is  to  cast  the  ingots 
longer  than  is  necessary  and  cut  off 
the  top ;  but  this  is  a  waste  of  metal 
for  the  cut  off  portion  has  to  be 
remelted  and  recast.  Another  way  is  to  make  the  top  rounding, 
in  order  to  allow  the  impurities  and  gases  to  collect  in  the 
rounded  part. 

We  learn  from  Chemistry  that  the  solubility  of  gases  in 
liquids  increases  with  pressure  ;  this  principle  is  made  use  of  in 
the  casting  of  ingots.  The  mould  is  arranged  as  in  tlie  accom- 
panying diagram,  Fig.  9.  The  outside  S  is  formed  of  steel  in 
which  is  a  thin  layer  C  of  perfomted  cast  iron,  the  mould  being 
lined  With  moulding  sand  M.  The  top  plunger  A  is  stationaiy. 
The  mould  is  made  to  rise  by  powerful  machinerj\  When  the 
metal  lias  begun  to  solidify  the  moul^  is  mised  until  the  pressure 
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becomes  10  to  20  tons  per  Hquare  inch ;  this  pressure  is  kept  on 
for  nbout  20  minutes.  The  gaises  are  not  squeezed  out  Ly  tbie 
process;  the  pressure  tendo  to  dissolve  them.  This  proces.s  is 
used  in  nialchig  armour  plate  and  gun  tubes,  but  is  too  expensive 
for  ordinarj"  use. 

Rail  Haking.  Very  soon  after  an  ingot  is  jHiured  it  com- 
mences til  solidify  at  the  surface.  A  solid  shell  forms  willi  n  pasty 
or  liquid  interior.  As  the  ingot  cannot  he  rolled  until  it  has  be- 
come of  uniform  softness  it  is  put  in  a  "soaking  pit."  liy  means 
ol  currents  of  hot  gases,  tlie  ingot  soaks  or  equiili/.es,  that  is,  it 
becomes  iinifomi  throughout.  It  sciiiks  in  these  hot  gases  for 
about  an  hour.  The  ingot  is  taken  from  the  soaking  pit  by 
an  electric  traveller,  and  is  rolled  down  in  the  blooming  mill  to 
a  "bloom"  of  almnt  7  inches  by  7  inches  in  section,  which,  after 
the  ragged  edges  have  been  cut  off  by  hydraulic  or  steam  shears, 
is  finished,  without  re-heating,  in  a  ml  mill.  Sometimes  the 
bloom  is  allowed  to  partially  cool  and  is  tlien  reheated  Iwfore 
being  finished.  This  process  is  expensive  on  account  of  the  fuel 
and  labor,  but  it  reduces  the  number  of  defective  mils.  The 
whole  ingot  b  rolled  in  the  rail  mill  Into  one  long  rail,  and  this 
is  cut  into  standard  lengths  by  hot  saws.  After  the  rails  cool 
ihey  are  straightened  in  steam  presses  and  are  then  inspected 
and  bolt  holes  drilled  in  the  ends.  Steel  rails  have  the  following 
composition : 


Carbon, 
PhoHphoniR, 

Sulphur. 

snicoD, 

and  BOTuelliues  Copper. 


.40  per  cent  to  .»  per  oeut 
.OS  per  cent  to  .1  por  cent 
.75  per  cent  to  ,[>  por  cent 
.05  per  oeol  to  .1  per  cent 
.05  per  cunt  to  .16  per  ccut 
,01  per  cent  to  .3    per  cent 


If  the  carbon  is  above  .6  per  cent  the  rail  will  be  too  brittle 
i  will  break  under  the  drop  test.     In  this  test  a  heavy  weight 
jlowed  to  fall  thraugh  a  specified  distance  on  a  piece  of  rail 
t  S  feet  long,  supported  at  the  ends. 
If  the  carlwin  is  below  .4  per  cent  the  rail  is  too  soft  to  stand 

■=■ V  of  the  car  wheels;  if  tho  phosphorous  is  above  .1  per 

leel  will  be  "cold  short"  (brittle)  ;  if  the  manganese  is 
■jir  .75  ]>er  cent  the  ingot  will  crack  in  rolling ;  if  thn 
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sulphur  is  above  .1  per  cent  there  will  be  short  feathery  cracks  in 
the  ingot  when  rolled,  especially  if  rolled  at  a  low  red  heat.  Sili- 
con up  to  .15  per  cent  improves  the  rolling  qualities  of  the  steel, 
but  makes  the  steel  brittle  if  the  percentage  of  silicon  is  much 
higher. 

The  Bessemer  process  is  also  used  in  making  soft  steel.  This 
steel  is  made  into  barbed  wire,  wire  nails,  hoop  iron  and  sheets 
for  tin  plate  and  galvanized  iron ;  it  is  also  used  for  some  struct- 
ural steels  and  agricultural  implements.  This  steel  has  about  .1 
per  cent  to  .15  per  cent  carbon,  and  .4  per  cent  to  .5  per  cent 
manganese. 

About  70  per  cent  of  the  steel  made  in  the  United  States  is 
Bessemer  steel,  and  about  30  per  cent  of  this  is  made  into  rails. 

THE  OPEN  HEARTH  PR0CE55. 

The  Open  Hearth  Process  for  making  steel  is  divided  into 
three  methods,  according  to  the  character  of  the  material  used. 
They  are, 

1,  The  Martin  Process,  in  whiih  pig  iron  and  scrap  are  used. 

•2,  The  Siemens  Process,  or  ''pig  and  ore''  in  ^vhich  pig  iron 
and  <ire  ai*e  used. 

o.  The  Combination  Pnx^ess,  using  pig  iixjii,  scrap  and  iix)n 
oiv. 

The  oj>f n  heartli  pn>cess  wiii>  made  possible  In*  the  invention 
by  Siemens  of  the  regenerative  cliamWi-s,  fii*st  successfully  used 
by  ilartin,  and    is  often   called    the    Siemens  ami    Martin  pixx> 
ess.     The  fuel  is  gas,  which  is   burneii  on  the  liearih  of  a  large 
reverl)eratorv  furnace.      Both  the  ijjis  and  air  art*  heated  bv  the 
products  of  combustion   In  the  ivgenerative  cIkuuKm-s.  as   repre- 
^enteil  bv  FiiX.  1<\     The  heated  iT'i^  and  air  enter  the  furnace  on 
.he  left,  burn  on  hearth  H,  and  the  pnxlucts  of  combustion  pass 
out  and  down   thixniirh   the   chambers   A   and   ii    on   the   ricfht. 
These  ehamWrs  are  tilled  with  fire  brick  set  up  wiili  sjiaces  be- 
Uveen,  calleil  checker  work,  which  becomes  heated  to  a  white  heat. 
After  a  time  the  currents  of  gas  ii         |^|||[^|gvmtd  and  pass 
tlin^ugh  the  checker  woik  ?^  laated 

^H^fort*  thev  iHMiibine  and 
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and  a  very  intense  heat  is  maintained  so  that  the  metal  In  the 
condition  of  wrought  iron  is  kept  in  a  molten  state. 

In  this  countiy  tlie  combination  process  is  generally  used. 
With  this  process  the  scrap  and  pig  iron  are  first  melted.  As  this 
iron  contains  too  much  carbon,  iron  ore  is  added  to  reduce  the 
percentage.  This  process,  like  the  Bessemer,  has  two  main  divi- 
sions, the  Acid  and  the  Basic  open-hearth  processes,  having  sili- 
ceous and  iime-m^nesia  linings  respectively,  and  like  the  Bessemer 
process,  only  low  phosphorous  iixin  can  be  used  with  tlie  acid  lining 
vhile  high  phosphorous  stock  is  used  with  the  hmo  lining.    In  the 
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Bessemer  process  only  medium  and  low  carbon  steels  can  be 
made,  while  in  the  open-hearth,  steel  of  any  grade  of  carhon  can 
be  made.  Tliis  process  also  has  the  advantage  of  being  more 
under  control,  and  the  product  is  more  uniform,  more  reliable  and 
wntains  less  gas.  Open-heartli  steel  costs  about  $2.00  a  ton  more 
lan  Bessemer. 

Open-hearth  steel  is  used  for  making  spring  steel  (carbon  .8 
t  cent  to  1  per  cent)  for  cars  and  wagons  ;  structural  steel  for 
and  buildings ;  steel  fur  agricultural  implements  and 
;  cast  steel  and  mild  steel  (low  carbon)  for  boiler  plates 
plMn  .15  per  cent,  and  pliosphonis  .OS  per  cent). 
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The  Bessemer  process  and  open-hearth  process  can  be  advan- 
tageously carried  on  together,  as  the  scrap  and  *'crop  ends'*  of 
the  Bessemer  are  largely  used  in  the  open-hearth. 

nANAQEnENT,  OR  RUNNING  THE  ACID  PROCESS. 

At  the  start  the  furnace  is  lieated  by  a  wood  fire,  and  then 
the  gas  is  turned  on  and  lighted.  When  the  temperature  is  suffi- 
ciently high  to  melt  steel,  the  charge  is  put-in.  It  consists  of  one- 
thii*d  pig  iron,  and  the  rest  wrought  iron  and  steel  scrap.  On 
account  of  the  low  melting  point  of  pig  iron,  one-half  of  the  pig 
iron  is  put  in  iirat  on  the  bottom.  If  steel  or  wrought  iron  were 
charged  first,  it  would  be  slow  in  melting.  The  scrap  is  then  put 
on  and  covered  by  the  rest  of  the  pig,  and  currents  of  air  and  gas 
are  reversed  at  intervals,  each  time  coming  up  hotter.  In  four 
hours  it  is  all  melted,  but  the  carbon  is  too  high,  and  it  is  not 
yet  ready  for  casting*  To  expel  this  carbon  small  amounts  of  iron 
ore  are  added.     CO  is  i)roduced,  which  boils  off. 

FcgO.^  +  30  =  SCO  +  2Fe. 

This  boiling  continues  until  the  desired  percentage  of  carbon 
is  reached,  which  is  determined  by  sampling.  These  samples  are 
taken  out  at  intervals,  cooled  and  broken  ;  the  percentage  of  carbon 
being  judged  by  the  appearance  of  the  fracture.  As  the  boiling 
down  occupies  three  or  four  houi-s,  there  is  time  for  an  approximate 
cheniiciil  analysis.  Manganese  and  silicon  have  both  l)een  al)- 
sorbed  by  the  slag,  therefore  some  manganese  must  be  added 
before  casting.  This  is  done  by  adding  to  the  casting-ladle  red- 
hot  Spiegel,  or  ferro-manganese,  the  size  of  peas.  If  steel  castings 
are  being  made,  a  little  silicon  must  also  be  added,  to  prevent  blow- 
holes. When  the  steel  is  ready  chemically,  it  is  usually  hot 
enough  to  cast.  The  furnace  is  tapped  by  driving  a  bar  through 
the  tap-hole,  and  the  molten  metal  flows  out  of  it  into  the  casting- 
ladle,  which  is  similar  to  that  of  the  Bessemer  process.  The  cast- 
ing is  done  in  moulds,  as  in  the  Bessemer  process.  Bottom  pouring 
is  often  employed,  especially  if  the  ingot  is  to  be  made  into  steel 
])hite.  The  bottom  of  the  mould  has  to  be  repaired  after  each 
operation. 
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MANAGEMENT  OR  RUNNING  THE  BASIC  PROCESS. 

Tlie  furnace  used  is  very  similar  to  that  of  the  acid  process, 
except  for  the  lining,  which  is  of  dolomite  or  magnesite.  Dolo- 
mite is  hard-burned  lime  made  from  a  magnesia  limestone 
Magnesite  is  made  from  MgCOg,  calcined  several  times  at  higl 
heat.  Layers  of  dolomite  or  magnesite,  mixed  with  lO  per  cent 
of  boiled  tar,  is  rammed  in  with  hot  rammers  all  over  the  bottom 
and  sides,  above  the  slag  line.  Upon  this  hearth,  scrap  and  high 
phosphorous  pig  iron  are  melted  down.  To  prevent  fluxing  of  the 
lime  lining,  limestone  is  spread  over  the  bottom  before  charging. 
After  melting  there  is  too  much  phosphorus  and  carbon  in  the 
charge.  These  elements  are  oxidized  by  the  addition  of  the  iron 
ore.  The  agitation  and  boiling  of  the  phosphoric  bath  is  caused 
by  the  escaping  gas,  CO,  and  the  metal  is  thus  brought  in  contact 
with  the  basic  slag  and  the  phosphorus  removed.  If  all  the  phos- 
phorus is  not  out  at  this  point,  pig  iron  is  added  to  raise  the  per- 
centage of  the  carbon,  and  the  bath  is  again  boiled  down.  The 
appearance  of  the  fracture  of  the  sample  indicates  the  amount  of 
phosphorus  })resent.  If  there  is  a  large  amount,  two  cross-lines 
of  bright  crystals,  called  the  "  Phosphorus  Cross,"  appear  in  the 
center.  The  casting  is  the  same  as  in  the  Bessemer  process. 
The  wear  of  the  basic  lining  is  greater  than  that  of  the  acid, 
especially  if  the  silicon  is  high.  Holes  in  the  hearth  are  repaired 
after  each  heat. 

The  tap-hole  is  rammed  with  tar  dolomite  or  magnesite. 

In  an  ordinary  open-hearth  furnace  only  two  heats  can  be 
made  in  a  day.  The  charge  varies  from  10  tons  in  a  small  furnace 
to  50  tons  in  a  large  one. 

Tilting  furnaces  are  being  used  in  modern  plants,  which  lessen 
the  time  of  charging  and  working,  and  'Hlirect  metal  "  from  mixers 
is  used  in  place  of  pig,  which  further  reduces  the  time.  Altogether, 
the  open-hearth  process  is  gaining  in  favor  in  this  country. ,  The 
basic  process  is  more  used  than  the  acid,  because  high  phosphorous 
pig  is  cheaper. 

GAS  PRODUCERS. 

Gas  is  the  fuel  used  in  the  open-hearth  process.  The  Siemens 
Gas  Producer  is  now  little  used,  most  gas  being  made    by  the 
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Wellman  Gas  Producer.  Fig.  11  is  the  sectional  view  of  this 
producer.  A  forced  draft,  usually  a  steam-jet  injector,  supplies 
steam  and  air  to  the  furnace  under  slight  pressure.  The  follow- 
ing reactions  take  place  when  air  or  steam  unite  with  coal : 

C4-O2  =C02 
C02+Cr=2CO 
H2O4-C    =C0  +  2H 

Tlie  resulting  producer  gas  has  about  the  following  comjiosi- 
tion  : 

Nitrogen,  60.3  per  cent 

Carbon  Monoxide,  22. S  per  cent 

Carbon  Dioxide,  5.2  per  cent 

Oxygen,  0.4  per  cent 

Hydrogen,  8.5  per  cent 

Hydrocarbons,  2.8  per  cent 

In  running  the  producer,  there  is  a  heat  loss  of  about  35  per 
cent,  principally  in  radiation,  ashes,  latent  heat,  decom[)Osition  of 
steam,  and  sensible  heat  of  gas.  Another  producer,  the  Taylor 
Producer,  has  in  place  of  the  grate-bars  a  revolving  dome-shaped 
plate,  through  which  air  is  driven  into  the  center  of  the  fire.  In 
place  of  the  brick  lining  this  producer  has  a  water-jacket.  Bitu- 
minous coal  is  the  fuel  generally  used  in  these  producers.  As 
this  gas  contains  about  60  per  cent  nitrogen,  it  is  weak  fuel.  In 
a  few  localities  natural  gjis,  a  stronger  fuel,  is  obtained.  A  gas 
made  of  vaporized  petroleum  mixed  with  dry  steam  and  forced 
through  a  red-hot  metallic  retort,  is  used  in  th«^  Archer  process. 

SPECIAL  STEELS. 

Nickel  Steel.  Nickel  steel  is  made  by  adding  metallic  nickel, 
nickel  ore,  or  ferroMiickel,  to  the  bath  of  the  open-hearth  process. 
The  ni(;kel  increases  its  density,  elasticity  and  strength.  This 
steel  is  used  for  armour  plate,  on  account  of  these  qualities, 
and  also  because  it  does  not  corrode.  Nickel  steel  contains  alx)ut 
4  per  cent  nickel,  .3  per  cent  carbon,  .7  per  cent  manganese, 
and  .02  per  cent  phosphorus.  For  such  uses  as  bicycle  tubes, 
shafts,  axles,  etc.,  the  high  elastic  limit  of  nickel  steel  tends  to 
prolong  indefinitely  the  life  of  the  piece,  and  because  of  its  superior 
toughness,  offers  greater  resistance  to  sudden  strains  and  shocks. 
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Aluminum  Steel.  From  .06  per  cent  tu  .1  per  cent  alu- 
minum in  steel  castings  reduces  the  melting  point,  prevents  blow- 
holes, and  keeps  the  metiil  liquid  ivhile  being  poured.  Aluminum 
givcB  no  increHse  of  hardness. 


Chrome  3teel.  If  chromite  is  melted  in  brasque  crucibles 
P"*ith  charcoal,  the  i-esult,  ferro-chrome,  which  has  40  jier  cent 
chrome  and  48  per  cent  iron,  is  used  in  making  chrome  steel,  by 
melting  it  with  bar  iron  in  crucibles.  Chrome,  like  manganese, 
hardens  iron.  It  also  make»  it  more  forgeable.  It  is  used,  on  ac- 
count of  its  hardness,  for  burglar-proof  safes,  but  it  is  not  entirely 
satisfactory,  and  other  steels  are  fast  driving  it  out.  It  has  about 
the  following  composition :  chromium,  .5  per  cent  to  3  per  cent ; 
carbon,  ,5  per  cent  to  .9  per  cent. 

Manganese  Steel.     Manganese  steel  is  an  alloy  of  iron  &nd 
maugauese,  containing  a  considerable  proportion  of  carbon.     Ir 
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there  is  a  veiy  small  portion  of  manganese,  the  effect  is  slight. 
As  the  proportion  of  manganese  rises  above  2.5  per  cent  the 
strength  and  ductility  diminish,  while  the  hardness  increases. 
This  hardening  effect  is  a  maximum  with  about  6  per  cent  man- 
ganese. Above  this  the  strength  and  ductility  both  increase,  and  at 
14  per  cent  of  manganese  the  metal  is  so  hard  that  it  is  difficult  to 
cut  with  steel  tools.  It  welds  with  great  difficulty,  but  it  can  be 
forged.  Its  toughness  increases  by  quenching  from  a  yellow  heat. 
It  has  a  remarkable  combination  of  great  hardness,  which  cannot 
be  lessened  by  annealing,  great  tensile  strength,  toughness  and 
ductility.  The  fact  that  it  cannot  be  machined,  on  account  of  its 
hardness,  limits  its  usefulness.  It  is  used  principally  for  car- 
wheels,  dies  and  crusher-jaws. 

Tungsten  5teel.  Steel  containing  a  little  carbon  and  tung- 
sten is  much  harder  than  steel  with  carbon  alone,  and  yet  not  very 
brittle.  A  specimen  from  Sheffield,  England,  for  chisels,  used  un- 
tempered  to  turn  chilled  rolls,  wsis  not  brittle,  yet  it  was  haul 
enough  to  scmtch  glass.  It  contained  9.3  per  cent  tungsten,  .7 
per  cent  silver  and  .6  per  cent  carbon.  In  working  this  metal  it 
has  to  be  given  it^  final  shape  by  hammering  at  red  heat,  and  if  the 
percentage  of  tungsten  is  high  it  is  necessary  to  reheat  it  while  it 
is  being  hammered.  After  the  desired  shape  is  reached  the  ham- 
mering must  be  continued,  with  numerous  blows,  until  it  becomes 
nearly  cold.  Tungston  is  employed  to  produce  steel  of  moderate 
hardness,  with  great  t  ^ugliness,  resistance  and  ductility.  Its  prin- 
cipal use  is  for  cutting-tools.     It  is  self-hardening. 

CASE-HARDENINQ. 

By  the  process  called  case-hardening,  a  tliin  layer  of  steel  is 

formed  over  the  iron.     To  do  this,  iron  is  lieated  to  redness,  and 

powdered  potassic  ferro-cyauide  K^Fe  (C  N)^,  is  sprinkled  over 

the  surface.     When  suddenly  cooled,  the  surface  of  the  iron  is 

hard  enough  to  resist  a  file.     The  chemical  reaction  which  takes 

place  is 

K^Fe  (C  N)fi:5i  4  KCN  +  FeC3+  N2. 

THE  HARVEY  PROCESS. 

The  Harvey  process  for  making  armor  plate  is  spmewbat 
likp  rax«;e-hnrHpninpf.     The  outside  of  the  heated  steel  plate  is  cov- 
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ered  with  charcoal,  from  which  it  absorbs  carbon  in  the  same  man- 
ner as  wrought  iron  absorbs  carbon  in  making  cement  steel.  Tlie 
layer  of  hard  steel  thus  fonned  is  further  hardened  by  quenching 
with  water.  This  makes  a  plate  with  an  exceedingly  hard  surface, 
which  breaks  up  shot  and  shell.  The  backing  is,  however,  tough, 
mild  steel. 

THE  EFFECTS  OF  THE  ELEMENTS  IN  STEEL. 

The  following  from  Howes'  Metallurgy  of  Steel  will  give  an 
idea  of  the  effects  of  the  elements  : 

Carbon.  Carbon  up  to  1 .5  per  cent  increases  Tensile  Strength, 
Compressive  Strength,  and  raises  the  Elastic  Limit ;  decreases  the 
malleability  and  welding  power. 

Silicon.  Silicon  increases  hardness,  Tensile  Strength  and 
solidity,  and  prevents  blow-holes.  Too  much  silicon  makes  steel 
brittle.     From  .3  per  cent  to  .5  per  cent  should  be  the  maximum. 

Sulpliur.  Sulphur  causes  hot  shortness ;  that  is,  the  metal  is 
brittle  when  hot,  both  under  the  hammer  and  rolls. 

Arsenic  has  the  same  effects  as  sulphur. 

Phospliorus  causes  cold  shortness.  It  makes  steel  hard  and 
liable  to  break.  It  increases  the  Elastic  Limit  and  reduces  Elon- 
gation. 

Manganese  prevents  hot  shortness  and  blow-holes,  removes 
or  offsets  the  effect  of  sulphur.  It  increases  Toughness,  Elonga- 
tion and  Tensile  Strength.  Too  much  manganese  makes  steel 
brittle  when  cold,  especially  after  quenching. 

Copper.  Copper  causes  red  shortness;  .5  per  cent  maybe 
allowed  in  rails,  but  2  per  cent  makes  steel  worthless.  Tin  steels 
are  not  forgeable  or  ductile,  either  hot  or  cold. 

TEnPERINQ. 

Tempering  steel  is  the  process  of  giving  it,  after  it  has  been 
shaped,  the  necessary  hardness  to  do  its  work.  A  piece  of  steel 
after  it  has  been  properly  tempered  should  be  finer  in  grain  than 
the  bar  from  which  it  was  made. 

This  is  accomplished  by  first  hardening  the  piece,  usually 
harder  than  necessary,  and  then  toughening  it  by  slowly  heating 
and  gradually  softening,  until  it  is  just  right  for  the  work.     The 


848 


METALLURGY. 


process  is  as  fullowa :  The  tool  to  be  tempered  is  heated  to  a  chen-y 
red,  and  plunged  into,  cold  water  or  oil  to  a  depth  somewhat  above 
the  cutting  edge.  When  this  poi*tion  has  become  entirely  cold, 
the  piece  is  taken  out  and  the  cold  end  polished,  usually  with 
emery-cloth ;  the  point  is  now  too  hard  and  brittle.  The  heat 
contained  in  the  hot  portion  gradually  enters  by  conductivity  into 
the  quenched  part,  and  as  it  does  so,  colors  are  formed  which  de- 
note tem])eratiire.  The  colors  seen  in  order  are  pale  yellow,  straw, 
brownish  yellow,  light  purple,  dark  purple,  blue.  They  are  formed 
by  oxide  on  the  surface.  These  colors  run  from  the  hot  portion 
to  the  cutting  edge,  and  when  the  proper  color  reaches  the  cutting 
edge,  the  whole  piece  is  quenched.  Some  tools  are  of  such  a  shape 
that  the  temper  must  be  "  drawn  "  to  the  desired  color  by  reheats 
ing  the  piece  between  hot  plates  or  in  a  hot  iron  ring. 

The  following  list  will  give  some  idea  of  the  colors,  tempera- 
ture and  hardness  of  tools : 

Steel-engrarlag  Tools. 
Turning  Tools. 
HnmiDer  Faces. 
Planer  Tools. 
,  Wood-engT&viug  Tools. 

Dies. 


Drills. 

Punches. 

Renmera. 

Plane  Itodb. 
Twist  DrillB. 
Cooper  To  Ills. 
.  Wood-borinR  Cuttere. 


Augers. 

Surgical  Instrumeat*. 

Cold  Cblsol*. 


\ 


p 
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COPPER. 

As  copper  occurs  in  the  metallic  state,  it  was  one  of  the 
earliest  known  metals.  The  native  copper  deposits  of  the  Lake 
Superior  region  were  worked  by  prehistoric  inhabitants.  Copper 
compounded  with  tin  was  the  metal  of  the  Bronze  Age.  With  the 
exception  of  iron,  copper  is  our  most  useful  and  important  metaL 

ORES. 

The  native  copper  of  Lake  Superior  is  still  an  important 
source  of  supply,  but  by  far  the  largest  quantity  is  obtained  from 
the  sulphide  ores,  of  which  Copper  Pyrites  (Cug  S.  Fe^  Sg)  is  the 
most  important.  When  pure  it  contains  34.6  per  cent  of  copper, 
30.57  per  cent  iron  and  34.9  per  cent  sulphur,  but  the  average  ore 
carries  only  about  12  per  cent  of  copper.  Spanish  iron  pyrites  is 
another  source  of  supply;  it  is  first  used  in  the  manufacture  of 
sulphuric  acid,  after  which  the  copper  is  extracted  from  the 
**  cinder."  It  contains  only  3  or  4  per  cent  of  copper,  but  carries 
also  a  small  proportion  of  gold  and  silver,  which  makes  it  a 
profitable  ore. 

Carbonate  ores,  formed  by  the  weathering  of  the  sulphides  are 
now  about  exhausted,  as  they  occur  only  a  short  distance  below 
the  surface. 

EXTRACTION. 

There  are  two  main  processes  for  extracting  copper  from  its 
ores: 

(1)  Process  involving  fusion. 

(2)  Wet  process  used  for  low-grade  ores. 

The  most  important  fusion  method  is  the  "  Welch  "  or  "  Re- 
action" process.  The  prepared  sulphide  ore  is  first  roasted  in 
heaps,  kilns  or  a  reverberatory  furnace.  Care  is  taken  that  not  too 
much  of  the  sulphur  is  expelled.  Next,  this  calcined  ore  is  fused 
in  a  reverberatory  furnace.  The  copper  has  a  greater  afl&nity  for 
the  remaining  sulphur  than  any  of  the  other  metals,  and  copper 
sulphide  is  formed. 

CugO  +  FeS  =  CugS  +  FeO. 

The  ferrous  oxide  (FeO)  and  the  silica  unite  and  form  a 
slag,  which  carries  away  lime  or  other  impurities  present.  The 
cuprous  sulphide  Cu^S  combines  with  the  excess  of  iron  sulphide 
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left  in  the  charge,  foraiing  a  fusible  subetance  calletl  a  "  regulus."' 
or  first  copper  raattf,  whiph  ooatsiiiB  about  SO  per  cent  of  copper. 
This  first  matte  is  again  mnfited  tmd  fneeti.  and  pai-t  of  the  iron 
slagged  away  as  Irefore,  leaving  the  second  matte,  which  con- 
tains about  50  ]>er  cent,  if  "blue  metal"  is  wanted,  or  75  per 
ueut  of  copper,  if  " uliite  metal "  is  being  made.  A  small  amount 
of  metallic  copper  is  alao  produced.  Tliese  ^copper  bottoms  con- 
tain most  of  the  impuritiee.  includuig  much  of  the  gold  and 
silver. 

In  a  third  reverberatorj-  furnace  the  second  matte  is  again 
partly  oxidized  and  then  fused,  the  pixiduet  this  time  being  crude 
mctidlic  copper  and  ii  slag  rich  in  copper.  The  rich  slags  from 
tlic  firet  and  seeoud  mutte  are  worked  np  for  their  copper.  The 
Inactions  by  which  metallic  copper  is  produced  are : 

(1)  20uj0  -i-  CUjS  =  aCu  +  SO3 

(2)  3CuJ0  -I-  Fe  S  =  6Cu  +  FeO"-l-  S0„ 

The  SOj  gas  passes  away  and  the  FeO  goes  into  the  slag. 

I'l-oducer  gas  is  uaed  for  heating  the  furnaces  in  modem 
plants. 

CUPOLA  SMELTINQ. 

In  the  Ih'st  stages  of  this  pi'ocess  the  chemical  aetion  is  about 
the  same  as  the  ■■  Welch  "  method.  A  fii-st  and  second  "  Matte  " 
ift  produced  in  small  water-jacketed  blast  furnaces  of  rectangular 
sections  using  cold  blast.  (See  Fig.  1 2.  \  Some  "  black  copper  "  is 
produced  with  the  second  matte. 

Tlie  second  matte,  called  "  white  metal,"  is  now  completely 
roasted  to  oxide.  This  oxide  of  copper  is  reduced  to  metallic 
copper  in  a  blast  furnace  by  CO  gas  in  the  same  manner  as  in  the 
production  of  iron. 

The  reaction  is 

CUaO+CO  =  2Cu  +  COj 

The  fuel  is  coke  or  charcoal.  The  slag  from  the  first  matte 
is  thrown  away,  but  tlic  other  slags  go  back  uito  the  process. 

Less  skilled  labor  is  necessary  in  the  cupola  method  and  leas 
fuel  is  riHjiiired.  It  is  consequently  in  favor  in  remote  regions. 
Tlic  Ku'tal  iif  oxidized  ores  (carlxmates)  can  l>e  exti-acted  by  this 
process  in  one  oiK-Viition.  The  reverberator)'  method  produces 
purer  copper,  and  must  l>e  used  wlien  there  is  much  antimony  and 
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aisenic  m  the  ore.  Highly  refractory  ores,  which  aie  iliftioult  ti> 
fuae  in  a  blast  furnace,  can  be  better  treated  in  reverboratorics.  iw 
the  slag  can  be  akininied  off  in  a  partly  melted  eonditiuii. 

The  variations  in  the  foregoing  procesaeB  art-  uumerou^. 
A  common  Ami-ricun  practice  is  In  us*.!  tlie  cupiiln  for  oUivining 
the  first  matte,  ami  finish  the  pi-ocess  in  reverbeintoiy  furnaces. 

Modified  Bessemer  converters  aiv  now  suceessfully  used  to 
convert  copper  nmtte  into  cnide  copper.  Tlie  convener  lius  the 
tuyeres  in  the  sides,  and  is  lined   with  siliua  and  day.     .As  the 
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wear  on   the  linmg  is  veiy  great,  provision  is  made  for  quickly 

replacing  ii  worn-out  converter  by  one   which  has  l)een  relined. 

Mattes  containing  from  30  to  60  per  cent  copper  liave  l>een  thus 

successfully  treated  iit  a  considerable  saving  nf  i'\-["'iisi'. 

REFINING. 

The  crude  copper  produced  by  any  of  the  foregoing  methods 

refined    in   a    reverberatory    furnace    with    a    large    hearth. 

B  slowly  melted  down  with  an  excess  of  air,     The  impurities 

E8t  and  foira  a  slag  with  the  silica  from  the  lining  of  the 

9  slag  is   frequently  skimmed  off-      The  copper 

nxidiKc,  t'nrminK  r'ii.,0,  whii^h  acts  i>n  any  TiijS, 
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fonnmg  SO  3,  which  oauBes  the  molten  metal  to  boil.  When,  this 
action  ceases,  the  copper  contains  too  much  copper  oxide.  This  is 
leduced  by  ^poling."  Poles  of  green  wood  are  thrust  into  the 
bath,  and  the  distilled  hydrocarbon  gases  cause  the  bath  to  boil, 
which  expels  any  SO^  gas  remaining.  Charcoal  is  sprea4  over 
the  molten  metal,  which,  with  the  hydrocarbon  gas,  removes  the 
oxygen  from  the  Cu^O,  leaving  metallic  copper.  Samples  are 
taken  out  from  time  to  time,  and  when  the  color  changes  from  red 
to  flesh  color,  and  the  sample  becomes  fibrous  with  silky  lustre  and 
can  be  bent  double,  the  refining  is  finished.  The  rich  slags  go 
back  into  the  process.  A  little  oxide  of  copper  is  left  in  thf 
metal,  as  it  neutralizes  the  effect  of  the  small  amount  of  remaining 
impurities. 

The  metal  is  then  run  into  small  moulds.  An  ingot  **  under 
poledt**  containing  too  much  oxide,  will  show  a  furrow  along  its 
sur&ce.  An  ingot  with  the  right  proportion  will  have  a  flat  sur- 
face, called  ^  tough  pitch,*'  and  one  which  is  ^  over  poled,"  con- 
taining too  little  oxide,  will  show  a  ridge. 

Electric  refining  is  fast  replacing  this  older  method  In  the 
United  States  two-thirds  of  the  product  is  thus  refined.  By  the 
electrical  method  all  the  gold  and  silver  in  the  copper  is  recovered, 
and  the  copper  produced  is  very  pure.  The  crude  copper  is  cast 
into  slabs  as  it  runs  from  the  furnace.  A  row  of  slabs  is  placed 
in  a  tank  containing  a  solution  of  copper  sulphate  made  acid  with 
sulphuric  acid.  These  form  the  dissolving  plates,  and  opposite 
each  is  placed  a  thin  sheet  of  pure  copper.  The  tanks  are  con- 
nected in  series  by  wires  and  the  current  passed  through.  The 
electric  current  causes  the  crude  copper  to  dissolve  and  pure 
copper  to  be  deposited  on  the  thin  plates.  The  gold  and  silver, 
together  with  other  impurities,  fall  to  the  bottom  as  mud  or 
**  slimes,"  from  which  the  precious  metals  are  extracted  by  chem- 
ical pro(;esses. 

The  icet  process  is  used  for  lean  ores.     It  has  the  advantage 
of  extracting  at  the  same  time  any  gold  and  silver  present.     This. 
process  involves  getting  the  copper  and  precious  metals  into 
tion  either  as  sulphate  or  chloride  and  then  the  copper  i 
tated  by  electrolysis,  metallic  iron  or  quicklime. 

The  s(>bui(^ns  are  produced  either  by  dissol' 
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acids  or  roasting  the  sulphide  to  sulphate  or  by  roasting  with  salt 
to  obtain  the  chloride  and  then  leaching  with  water. 

PROPERTIES  OF  COPPER. 

Copper  is  a  rather  soft  metal  and. is  very  ductile  and  malle- 
able. It  can  be  worked  both  hot  and  cold,  but  should  not  be 
heated  too  hot,  as  it  crystallizes  and  takes  up  oxygen.  When 
worked  cold  it  is  stronger  and  harder,  but  less  ductile.  Heating 
and  quenching  make  it  softer.  Rolled  sheet  copper  has  a  tensile 
strength  of  from  24,000  to  28,000  pounds  per  square  inch,  and 
imnealed  \vire  over  40,000  pounds  per  square  inch.  Good  castings 
cannot  be  made  from  pure  copper  because  they  contain  blowholes 
and  the  shrinkage  is  too  gi'eat. 

Copper  is  not  affected  by  the  weather,  but  in  damp  places  it 
is  slowly  corroded;  carbonate  of  copper,  called  verdig^,  being 
formed  by  the  carbonic  acid  of  the  air. 

The  thermal  conductivity  of  copper  is  high. 

The  electrical  conductivity  of  good  copper  is  but  little  less 
than  that  of  silver,  and  is  about  six  times  that  of  iron.  A  very 
small  amount  of  impurity  reduces  its  electrical  conductivity  as 
much  as  10  per  cent.  Antimony  is  the  most  harmful  impurity 
from  a  mechanical  standpoint,  and  should  not  be  over  .02  per  cent 

The  growth  of  electrical  industries  has  greatly  increased  the 
demand  and  price  of  copper  of  late  years.  It  is  estimated  that 
60  per  cent  of  the  world's  production  of  copper  is  consumed  in 
electrical  work.  The  United  States  produces  over  55  per  cent  of 
the  world's  output  of  copper,  or  over  a  quarter  of  a  million  long 
tons  annually. 

LEAD. 

The  most  important  ore  of  lead  is  Galena,  lead  sulphide 
(PbS).  In  the  United  States  it  is  found  in  the  upper  valleys  of  the 
Mississippi  and  Missouri  Rivers  and  in  the  Rocky  Mountains.  The 
mines  of  Spain,  Germany  and  England  furnish  the  bulk  of  the 
Kuiopean  product.  It  occurs  in  bright,  shining,  cubic  crystals  of 
metallic  lustre.  When  pure  it  contains  86.6  per  cent  of  lead. 
Galena  usually  contains  silver,  and  frequently  a  small  amount  of 
j;old.  It  is  associated  with  sulphides  of  zinc,  antimony,  copper 
and  iron.     As  it  is  a  very  heavy  mineral  it  is  easily  concentrated. 
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Ceruasite  —  lead  carbonate,  PbCO^, —  is  an  ore  of  aome  im- 
portance and  is  mined  in  Leadville,  Colorado. 

8MBLTIN0. 

Lead  ore  is  smelted  either  in  reverberatory  furnaces  or  blast 
furnaces.  When  using  the  reverberatory  furnace  with  sulphide 
ore,  the  chemical  action  whereby  lead  is  produced  is  much  the 
same  as  in  the  final  stage  of  copper  smelting  in  the  ^  Welch" 
method.  The  ore  is  partially  oxidized  to  lead  oxide,  FbO,  at  a 
low  heat,  some  sulphate,  PbSO^,  also  being  formed.  Then  the 
temperature  is  raised  and  the  lead  is  produced  according  to  the 
following  reactions : 

(1)  PbS  +  2PbO   =8Pb  +  S0, 

(2)  PbS  +  PbSO^  =  2Pb  +  2S0, 

The  lead  as  it  is  formed  runs  into  a  pot,  and  the  operation  is 
repeated  iintil  no  more  lead  can  be  extracted,  when  it  is  tapped 
and  the  slag  withdrawn  in  a  pasty  condition.  This  ^^gray 
slag  "  is  usually  smelted  in  a  blast  furnace  for  the  lead  it  still  con- 
tains. Tliis  method  is  simple  and  the  apparatus  inexpensive,  but 
its  use  is  limited  to  high-grade  ores  containing  60  per  cent  to  70 
per  cent  of  lead,  and  only  4  or  5  per  cent  silica.  The  process 
requires  much  fuel  and  skilled  labor. 

SMELTING  IN  A  CUPOLA  OR  BLAST  PURNACB. 

This  process  is  used  for  all  ores  containing  over  4  per  cent 
silica,  for  carbonate  ores,  and  for  various  lead  slags  and  di-osses 
obtained  in  purifying  the  crude  lead. 

The  Furnace  is  built  of  brick  and  lined  with  fire  brick.  It 
is  usually  oblong  in  section.  The  shaft  is  from  14  to  20  feet  high 
and  tapers  downward  to  the  boshes,  which  taper  more  sharply  to 
the  crucible.  The  section  at  the  crucible  is  usually  about  1 2  feet 
by  3  feet  G  inches.  The  tuyeres,  6  or  8  in  number,  are  placed 
on  each  side,  near  the  top  of  the  crucible.  The  boshes  and  part  of 
the  crucible  are  cooled  by  cast  or  wrouglit  iron  water  jackets.  The 
furnace  is  ('barged  tli rough  a  door  in  the  side,  near  the  top. 

As  lead  is  somewhat  volatile,  provision  must  Jilways  be  ihfide 
for  (•ollecting  the  lead  fumes.  Various  devices  have  been  tried, 
but  long  flues,  wherein  tlie  fumes  condense  and  settle,  are  mof;t 
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commonly  used.  The  top  of  tKe  furnace  is  comiected  with  one  of 
these  flues. 

The  sulphide  ores  are  roasted  in  a  reverberatory  funiace  or  in 
hand  or  mechanical  kilns.  The  roasted  ore  is  charged  into  the 
blast  furnace  with  suitable  fluxes  and  various  mixtures  of  coke, 
charcoal  and  coal  as  fuel.  Iron  plays  an  important  part  in  the 
smelting,  as  it  is  capable  of  decomposing  silicate  of  lead  and  is 
added  as  an  iron  slag  or  as  ore  if  not  present  in  correct  amomit. 

In  smelting  there  is  usually  a  small  amount  of  matte  fonned, 
(lonsistuig  of  sulphides  of  iron,  copper,  nickel  and  lead.  This  is 
tapped  with  the  slag  into  a  slag  pot,  where  it  rises  to  the  top  and 
is  separated  when  the  mass  cools.  The  matte  is  broken  up  and 
roasted  and  its  lead  and  copper  recovered.  The  lead  collects  in 
the  crucible  and  is  tapped  out  at  intervals. 

SOFTENING  AND  DESILVERIZING. 

The  lead  obtained  by  either  the  reverberatory  or  blast  furnace 
method  contains  copper,  arsenic,  antimony  and  other  metals  in 
addition  to  silver.  The  impure  lead  is  slowly  melted  down  in  a 
ieverlx?ratory  funiace.  The  lead,  having  a  lower  melting  point 
than  the  impurities,  liquefies  first,  leaving  a  residue  containing  the 
copper  and  part  of  the  arsenic  and  antimony.  The  lead  is  next 
heated  very  hot  with  an  excess  of  air,  and  then  most  of  the  remain- 
ing impurities  oxidize  and  form  a  scum,  which  is  skimmed  off. 
The  silver  remains  with  the  softened  lead  and  is  extracted  by  the 
Park's  Process.  This  process  depends  upon  the  fact  that  a  small 
percentage  of  zinc  added  to  the  molten  lead  will  collect  all  the 
gold  and  silver  to  form  iui  alloy,  which,  beuig  of  less  specific 
gravity,  rises  to  the  t<^>p,  and  having  a  higher  melting  point  solidi- 
fies Ix^foie  the  lead. 

From  the  softening  furnace  the  molten  lead  is  run  directly 
into  a  large  kettle.  Here  from  1  to  3  per  cent  of  zinc  is 
added  to  three  successive  portions.  After  each  addition  the  mass 
is  well  stiiTcd  and  then  allowed  to  cool  somewhat,  when  a  crust  is 
formed,  which  is  removed.  The  first  crust  contains  most  of  the 
gold  and  is  ('ailed  the  gold  crust.  The  second  crust  is  called  the 
silver  crust,  and  the  tliird  crust,  containing  the  silver  that  still 
remains,  is  used  for  the  first  addition  to  the  next  charge. 
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RBCOVBRY  OP  THB  SILVER  AND  GOLD. 

The  gold  and  silyer  crasts  are  melted  slowly  in  a  kettle  or 
rererberatory  f  umace,  and  most  of  the  lead  mixed  with  the  eruat 
melts  out  and  is  recovered.  The  zinc  is  distilled  off  in  large 
graphite  retorts,  leaving  a  small  amount  of  lead,  which  contains  all 
of  the  silver  and  gold.  The  lead  is  separated  from  the  precious 
metals  by  cupelling.  In  the  cupelling  furnace  the  lead  is 
oxidized  to  litharge  (PbO),  leaving  the  metallic  silver  and  gold. 
Tlie  furnace  lias  a  hearth  made  of  porous  material,  which  absorbs 
part  of  the  melted  litharge  as  it  forms ;  the  remainder  runs  into  a 
pot.  The  litharge  is  ground  and  sold  if  it  does  not  contain  Uw 
much  silver,  in  which  case  it  is  smelted  agaui.  About  60  i>er 
cent  of  zinc  is  recovered  in  metallic  form  and  is  used  again  in  the 
desilverizing  kettle. 

RBPININQ  THB  DBSILVBRIZBD  LEAD. 

The  desilverized  lead  contains  .6  pei*  cent  to  .7  per  cent  of 
zinc,  which  is  removed  in  a  reverberatory  furnace  or  laige  kettle. 
The  charge  is  heated  very  hot  in  the  reverberatoiy,  and  the  zinc  in 
part  volatilizes  ;  then  the  (loci's  are  opened  luid  the  reniaiuder  o{ 
the  zinc  is  oxidized,  and  with  some  lead  oxide  is  skimmed  off. 
This  is  repeated  until  the  zinc  is  entirely  removed. 

When  refined  in  a  kettle,  steam  is  forced  into  the  molten 
charge;  the  zinc  and  a  little  lead  oxidize  and  form  a  scum,  which 
is  skimmed  ofP. 

The  desilverized  and  refined  lead  is  run  into  iron  molds  cm 
wheels,  and  when  cooled  is  ready  for  the  market.  'Die  amount  of 
marketable  lead  obt^iined  is  about  80  per  cent  of  the  impure  lead. 
By  using  the  Howard  *'  stirrer,"  "  skimmer  "  and  '*  press  "  for  the 
gold  and  silver  crusts,  85  per  cent  has  lx*en  obtained  and  70  per 
cent  of  the  zinc  recovered. 

An  older  process  for  desilverizhi^  lead  is  the  Paterson  Process. 
It  is  found  that  when  molten  lead  is  cooled  slowly,  crystals  of  lca<l 
form  which  contain  less  silver  and  other  imimrities  than  the  re- 
maining molten  mass.  \W  repeated  crystallization  the  silver  is 
concentrated  in  a  portion  of  tlie  lead,  and  the  remainder  is  almovst 
free  from  silver.  The  silvcr-lx^aring  portion,  wh'wh  must  1m» 
cupelled,  is  alK)Ut  oO  per  rmt   <»f  tlic  whole  against  o  per  cent  in 
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the  Park's  Process.     The  Paterson   Process   is   not  used  in  the 

United  States. 

The  working  up  and  recoveiy  of  all  the  by-products  formed 

in  the  smelting  of  lead  is  a  very  important  and  very  complex  part 

of  the  process. 

PROPERTIES  OP  LEAD. 

Lead  is  the  softest  and  heaviest  conmion  metal.  It  is  very 
malleable  and  ductile,  but  has  little  tenacity.  Lead  is  insoluble 
in  sulphuric  acid  of  moderate  strength  and  is  not  much  affected 
by  cold  hydrochloric  acid.  It  is  used  in  chemical  works  in  the 
manufactme  of  sulphmic  acid  and  for  other  purposes.  Ordinary 
water  has  little  effect  on  lead.  Pipes  used  for  conveying  water 
are  soon  covered  with  a  thin  layer  of  carbonate  and  sulphate  of 
lead,  which  is  insoluble  and  prevents  further  action. 

Water  from  swamps,  etc.,  however,  dissolves  small  amounts 
of  lead,  which  makes  its  use  dangei'ous  for  domestic  purposes. 
Water  from  new  pipes  or  pipes  which  are  not  kept  constantly  full 
should  not  be  used  for  household  purposes,  because  of  danger 
from  poisoning. 

Lead  is  not  affected  by  dry  air,  but  is  slowly  corroded  in 
moist  air. 

TIN. 

This  metal  was  known  to  the  ancients,  and  very  successfully 
used  by  them  for  hardening  copper.  The  most  important  ore  is 
tin-stone,  Sn  O^^  and  the  principal  mines  are  in  Cornwall,  England, 
and  Banca  in  tlie  East  Indies. 

The  smelting  is  conducted  in  a  reverberatory  furnace.  The 
concentrated  ore,  mixed  with  finely  divided  anthracite  coal  and 
with  a  little  lime  is  heated  on  the  bed  of  the  furnace.  The  tin  is 
produced  and  runs  into  the  depressed  center  of  the  furnace,  from 
which  it  is  tai)ped  and  cast  into  pigs.  This  impure  tin  is  refined 
by  liquiiting  and  poling. 

PROPERTIES  AND  USES. 

Tin  is  white  in  color  with  a  slightly  yellowish  shade.  It  has 
a  peculiar  odor,  and  when  bent  it  gives  out  a  crackling  sound 
known  as  the  "tin  cry."  It  has  little  tenacity,  considerable 
ductility,  and  is  very  malleable.     It  can  be  worked  at  about  the 
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boiling  point  of  water,  but  becomes  veiy  brittle  at  400**  F.  It 
can  ])e  rolled  into  yeiy  thin  sheets  ;  tinfoil  1)eing.  sometimes  only 
one-tlioiLSiindth  of  an  inch  thick.  On  account  of  its  ductility  it 
is  readily  made  into  tubes,  wire,  etc. 

The  bulk  of  this  metal  is  used  for  tin  plate.  Thm  sheets  of 
mild  steel  are  carefully  cleaned  and  annealed  and  then  dipped  in 
a  bath  of,  molten  tin  covered  with  a  layer  of  tallow.  They  are 
then  passed  through  rolls  to  remove  the  superfluous  tin,  leaving  a 
very  thin  coating  of  pure  tin  on  both  sides  of  each  sheet.  Tin 
plate  finds  numerous  uses  in  the  canning  industries,  for  household 
utensils,  etc. 

Almost  all  of  the  remaining  product  is  used  for  making 
alloys  of  tin,  and  only  a  comparatively  small  amount  is  used  for 
pipes,  sheets,  etc.,  on  account  of  the  high  price  of  this  metal. 

ZINC. 

A  large  proportion  of  this  metal  is  obtained  from  the  ore 
called  Zinc  Blend,  ZnS ;  the  carbonate  and  silicate  ai*e  also 
im[>ortant  ores,  and  considerable  zinc  is  obtained  from  Franklinite. 

In  the  metalliu'gy  of  zinc  advantiige  is  taken  of  the  volatility 
of  this  metal.  It  can  be  distilled  unchanged  at  1040°  F.  The 
ore  is  roasted  to  oxide  of  zinc,  ground  and  mixed  with  finely 
divided  fuel  and  heated  to  a  bright  red  in  giis  heuted  letorts. 
The  carl^)n  takes  the  oxygen  from  the  zinc  oxide,  forming  CO 
gas,  and  the  zinc  is  set  free  and  distills  off.  It  is  condensed  in 
iron  tulxjs  which  are  kept  at  such  a  temperature  that  the  zinc 
remains  liquid  and  rims  into  a  i-eceiving  vesvsel. 

This  zinc  contains  iron  and  other  im{)urities,  and  is  piuitied 
by  redistillation.  It  comes  on  the  market  cast  in  slabs,  and  in 
this  form  is  called  ''spelter." 

PROPERTIES  AND  USES. 

Zinc  is  a  bluish  white  metal,  brittle  and  crvstalline.  It  is 
quite  ductile  at  a  temperature  of  248°  F.,  but  is  so  brittle  at 
390°  F.  that  it  can  be  crushed  to  powder. 

Zinc  is  readily  diss()lve<l  by  acids  and  alkalies,  but  is  not 
affected  by  the  weather.  It  is  very  largely  used  for  galvanizing 
iron,  which  is  done  by  dipping  the  carefully  cleaned  iron  in  a 
bath  of  molten  zinc,  using  sal-ammoniac  as  a  flux.     Zinc  protects 


260 


METALLUIU;V.  47 


the  iron  from  oxidation,  and  is  effective  as  long  as  any  zinc 
remains  on  the  iron,  being  the  reverse  of  the  action  of  tin  plate 
which  causes  the  iron  to  rust  more  quickly  as  soon  as  there  is  any 
flaw  in  the  coating.  Zinc  is  also  used  in  making  alloys  and  for 
Ivatteries,  sheets  for  roofing,  etc. 

ALUniNUM. 

Aluminum  has  recently  been  transfeiTed  from  a  rare  metal  to 
one  which,  bulk  for  bulk  is  no  more  expensive  than  copper,  by  an 
electrolytic  process  invented  by  Hall.  Beauxite,  a  liydrated 
oxide  of  aluminum  is  the  important  source  of  supply.  Hall's  pro- 
cess is  conducted  in  a  gmphite  lined  vessel,  and  depends  upon  the 
property  of  cryolite  —  a  double  fluoride  of  sodium  and  aluminum, 
of  dissolving  fused  oxide  of  aluminum.  Cryolite  melts  at  about 
900^  F.  an<l  then  becomes  a  conductor  of  electricity.  The  bath  is 
kept  in  a  molten  condition  by  a  heavy  current  of  electricity  of  low 
voltage.  The  oxide  of  alumina  is  sprinkled  on  the  top  of  the 
bath  and  quickly  dissolves,  and  is  reduced  by  electrolysis  to 
metallic  aluminum  which  settles  in  the  bottom  of  the  crucible, 
from  whence  it  is  diuwn  from  time  to  time. 

If  piu-e  aluminum  is  desired  the  oxide  of  alumina  used  is 
obtained  by  a  chemical  process  from  beauxite. 

PROPERTIES  AND  USES. 

Alinninum  is  a  grayisli  white  metal,  very  malleable  and 
ductile,  and  is  a  good  conductor  of  lioth  lieat  and  electricity.  It 
is  acted  on  but  feebly  by  sulphuric  or  nitric  acid  or  by  the  oi*ganic 
acids.  It  is,  liowever,  dissolved  by  hydrochloric  acid  and  the 
alkalies.  Its  most  remarkable  property  is  its  extieme  lightness, 
it  l)ein^^  only  al)out  one-third  as  heavy  as  iron.  It  is  fairly  strong 
and  imparls  great  tensile  strength  to  its  alloys.  Good  castings 
can  l>e  made  fiom  it,  although  tl:e  shrinkage  on  cooling  is  consid- 
erable. It  can  be  worked  cold,  and  is  readily  formed  into  sheets, 
wires,  tubes,  etc. 

It  is  rei)lacing  copper  to  some  extent  as  an  electrical  con- 
ductor, and  is  used  for  making  a  high  class  of  kitchen  utensils  and 
a  great  variety  of  small  oinamental  articles.  One  objection  to  its 
use  for  some  purposes  is  that  it  can  besoldered  only  with  diflBculty. 
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ALLOYS. 


MixcJ  iut;tnls  jjlvB  itti  alloya,  many  of  which  possess  useful  • 
and  valuublw  qualities  not  found  in  the  pure  metals.    Thu  anoiei 
were  skilled  in   lunking  bruiizu  and   brass,  and   many  of   their 
products  cannot  be  sm-possed  at  tlie  present  day. 

In  gcuenil  the  iJloys  of  copper  with  tin  aie  known  as  bio-ize, 
aud  with  zino  us  brass,  but  zinc  is  fvi-quently  addctl  to  bronze  to 
cfaeapen  it  or  change  the  color,  and  tin  is  often  added  to  brass  to 
harden  it,  so  tliat  the  line  butween  them  CHnnot  be  sharply  drawn. 

There  aro  countless  combinations  of  metuls,  but  only  a  few 
are  of  general  importiuice.  The  table  given  includes  most  of 
these  with  their  approximate  coniptisition.  although  eitch  fonudry 
has  its  own  »i«.'cial  mixtures.  In  making  nlloys,  the  most  infufiibls 
mefal  is  melted  iirst,  and  the  others  are  dropped  into  the  cnicible 
in  small  Inmjis,  the  most  volatile  being  addeil  last.  A  layer  of 
charcoal  is  frequently  thi-own  on  the  surface  of  the  nielnl  to  pi-ft- 
vent  oxidatidu.  In  many  alloys  the  metals  liegln  to  separate  on 
standing,  in  which  case  it  is  neces.sary  to  mix  well  and  pour  at  na 
a  low  tempemture  ;is  possible,  bo  that  the  casting  will  soUdifjr 
quickly.  Thisia  helped  by  casting  in  iron  moulds.  Some  niftals 
can  not  be  alloyed  in  all  proportions;  thus  copper  will  tikke  up 
only  a  small  proportion  of  le-id. 

To  pi-oduce  finest  quality  alloys  only  pure  metals  can  be 
used,  as  email  amounts  of  impurities  have  a  vei-y  decided  eflfect, 
just  as  iji  the  case  of  iron  and  copper.  The  method  of  making  is 
ulso  important  in  determining  the  quality  of  an  alloy.  In  general 
alloys  which  are  to  be  worked  into  sheets,  tubes  and  wires  must  be 
more  pure  than  those  required  for  castings.  A  small  projMirtion 
of  lead  in  &uid  to  help  tlie  rullijig  quulitie.s  of  bri(.st>,  aud  a  veiy 
small  percentage  of  phosphorus  in  bronze  makes  !t  more  fluid  and 
free  from  blow  holes.  The  alloys  of  metiiU  with  mercury  are 
called  amalgams.  One  method  of  extracting  metallic  gold  from 
its  ores  is  amalgamation,  and  the  effect  of  amalgamating  the 
zinc  in  batteries  b  well  known.  Formerly  alloys  were  thought  to 
bo  chemical  combinations  of  metals,  but  now  it  is  generally  con- 
sidered  that  they  are  simply  mixtures  of  metals,  sometimes  being 
solidified  solutions  in  each  other. 
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THE  ECONOMY  OF  HIGH-SPEED  STEEL. 


In  the  iinishmg  process  in  the  machine  shop,  there  has  been 
a  wonderfnl  clev^elopment,  dnring  the  past  few  years,  in  the  rapidity 
with  which  metal  can  be  removed,  as  well  as  in  the  character  of 
the  surfaces  obtained.  For  many  years,  tools  made  from  cast 
steel,  crucible  steel,  or  tool  steel  (all  these  names  referring  to  steel 
of  practically  1  per  cent  carbon),  were  the  only  tools  that  could 
be  employed  in  the  machine  shop  for  the  removal  of  metal.  The 
good  old  tempered  steel  tool  did  its  work  well,  and,  in  spite  of  the 
development  of  other  steels,  it  has  not  by  any  means  been  entirely 
superseded.  One  of  the  great  advantages  of  the  old  carbon  tool 
steel  is  that  its  manufacture  and  use  have  covered  so  long  a  period 
of  time  that  the  quality  of  the  steel  in  the  bar,  and  the  results 
obtained  by  the  shop  smiths,  have  become  very  uniform. 

Tung^sten  Steel.  The  lirst  indication  of  improvement  on 
carbon  tool  steel,  in  the  line  of  ability  to  "stand  punishment", 
was  the  introduction  of  the  so-called  ''^Mushet"  steel,  some  fifteen 
or  twenty  years  ago.  This  was  a  steel  containing,  in  addition  to 
the  elements  usually  found  in  tool  steel,  a  certain  percentage  of 
tungsten.  The  name  **  Mushet"  was  applied  to  the  steel  on  account 
of  the  fact  that  K.  Alushet  of  IShettield,  England,  was  the  most 
prominent  manufacturer  of  this  grade.  Tungsten  steel  has  sev- 
eral  peculiarities  that  distinguish  it  from  carbon  steel.  It  is  an 
extremely  hard  steel,  and  cannot  he  easily  forged.  It  has  the  pecul- 
iar property  of  being  always  hard;  that  is,  when  heated  and  forged,, 
it  resumes  its  hard  condition  after  slow  cooling.  Dipping  it  v;hen 
at  a  red  heat,  in  water,  w^ill  almost  invariably  cause  the  steel  to  fly 
in  pieces.  On  the  grinding  wheel,  tungsten  steel  shows  a  dull  red 
spark  entirely  different  from  tlu^  spark  given  off  by  carbon  tool 
steel.  Owinir  to  its  permanently  hard  condition,  forrrincr  and 
grinding  were  the  only  processt^s  i>y  which  tools  conld  be  shaped* 
and  consefjuently  this  steel  was  used  for  lathe  and  planer  tools 
almost  exclusively.  Durino;  recent  years,  methods  have  been 
found  for  annealintr  tunijsten  steel  to  a  limited  <le(Tree,  so  that  its 
use  is  no  loncrer  limited  bv  its  hard  and  brittle  nature.  Another 
point  of  difference  that  calls   for  consideration   is  that  of    price. 
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The  best  carbon    tool  steel  costs  about   fifteen  cents  per  pound, 
while  the  tungsten  steels  are  worth  about  forty-five  cents. 

The  results  obtained  by  the  use  of  tungsten  steel  were  of  great 
importance.  The  steel  would  stand  a  very  much  higher  tempera- 
ture than  carbon  steel  before  losing  its  edge.  Therefore — for 
"  roughing  "  cuts,  especially — it  was  found  that  considerable  time 
could  be  saved  by  cutting  at  a  higher  rate  of  speed.  It  was  dis- 
covered, however,  that  the  tungsten  steel  would  not  maintain  a 
clean,  sharp-cutting  edge  suitable  for  light  finishing  cuts,  so  well 
as  would  the  carbon  steel.  Therefore  the  use  of  tungsten  steel 
was  limited  almost  entirely  to  the  roughing  cuts. 

Heat  Treatment  for  Tool  Steels.  Several  years  ago  a  proc- 
ess of  heat  treatment  for  tool  steels — called  the  '^ Taylor -White" 
})rocess — was  responsible  for  another  step  forward  in  the  rapidity 
of  shop  ojierations.  While  this  process  was  more  particularly 
adapted  to  a  certain  brand  of  self-hardening  steel,  it  was  claimed 
that  its  use  would  improve  the  heat-resisting  quality  of  any  good 
brand  of  tool  steel.  It  would  be  well  to  note  at  this  point  that 
the  whole  matter  of  increased  speed  of  cut  seems  to  hinge  on  the 
temjHjrature  at  which  the  tool  will  lose  its  edge.  Owing  to  the  fact 
that  the  Taylor  -White  process  was  not  generally  understood,  its 
use  did  not  become  very  extended,  but  it  |)aved  the  way  for  the 
introduction  of  the  modern  high-speed  steels,  which  depend  for 
their  successful  operation  on  a  heat  treatment  somewhat  similar  to 
that  employed  in  the  Taylor -White  process.  There  have  sprung 
up  a  multitude  of  brands  of  high-speed  steels,  which  are  desig- 
nated by  various  names,  such  as  '^  air-hardening",  *' self -harden- 
ing", ^*  high-speed  ",  etc.  The  chemical  composition  of  these 
steels  is  generally  not  made  public,  and  there  has  been  a  great  deal 
of  mystery  attached  both  to  the  material  itself  and  to  its  method 
<>f  treatment.     This  has  prevented  a  more  rapid  introduction. 

Highspeed  steel  can  be  annealcMi,  and  cutting  tools  of  all 
kinds  can  be  made  from  it.  In  this  it  differs  from  the  tungsten 
steel.  It  is  also  higher  than  the  latter  in  price,  costing  about 
seventy-five  cents  ])er  pound.  To  speak  of  the  economy  of  high- 
speed steel  at  such  a  price  implies,  of  course,  that  the  results  must 
fully  warrant  the  outlay.  It  is  l)elieved  that  the  judicious  use  of 
lii(xli-sj)eed  steel  is  in   reality  economical.     By   judicious    use  is 


267 


n 


HIGH  SPEED  STEEL 


T  Tool  Houier  (Lei 


meant  nse  where  the  reeiiltB  are  clearly  guperior  to  those  obtained 
by  the  eiiii»loynient  of  the  cheaper  and  slower  working  Bt**Is. 

On  aci'oiint  of  the  high  price  of  these  improved  grades,  it  has 
Iweii  found  economical  to  use  the  steel  in  small  sections  which  can 
he  carried  in  a  case-hardened  mild-steel  holder.  Typical  examples 
are  shown  in  the  accompanying  illustrations.  While  these  holders 
are  very  handy,  and  certainly  save  large  amounts  of  costly  steel, 
still  thuj  cannot  be  made  as  rigid  as  a  solid  forged  tool;  and,  for 
the  very  heaviest  work,  a  tool  forged  from  the  solid  is  still  pre- 
ferred. High-speed  steel,  however,  is  very  brittle,  and,  if  forged 
solid,  should  he  carried 
out  to  the  cutting  edge  in 
as  large  a  section  as  pos- 
sible. If  used  in  a  bolder, 
it  must  be  supj)orted  very 
nejirly  out  to  the  cutting 
edge. 
Holders  for  this  costly  steel  usually  provide  means  of  clamp- 
ing by  a  set  screw.  Some  method  of  doing  away  with  the  vibra- 
tion  inseparable  from  a  screw  is  desired;  and  it  has  been  suggested 
and  proven  to  I)e  good  practice  to  solder  or  braze  small  pieces  of 
high-Bj)eed  steel  onto  soft-steel  shanks.  This  has  in  many  cases 
proved  very  satisfactory. 

The  Test  of  Results.  There  have  been  so  many  extravagant 
claims  made  in  regard  to 
results  alleged  to  be  ac 
complished  by  the  use  of 
high-speed  steel,  that 
many  men  have  concluded 
that  this  steel  could   not 

possibly  fidfitl  them.  As  a  matter  of  fact,  in  many  cases  cited,  il 
cannot.  Actual  results,  however^sufficient  to  establish  the  econ- 
omy of  these  steels — can  Iw  obtained  in  ahnndinice,  and  a  few 
general  figures  on  relative  speeds  may  prove  of  valne.  With  ordi- 
nary carbon-steel  tools,  an  average  figure  for  the  cutting  speed  would 
bo  about  20  feet  per  minute  for  mild  steel,  30  feet  per  minute  for 
wrought  iron,  and  40  feet  per  minute  for  cast  iron.  These  fig- 
urea,  of  course,  are  merely  approximate,  but  they  fairly  represent 
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average  prat-tite.  By  the  uae  of  tungsten  steel,  the  speed  for  rough. 
JDg  cuts  was  JDoreased  about  iifty  per  cent,  while  heavier  cuts,  also, 
could  at  the  same  time  t>e  taken.  The  later  high-speed  steels,  how- 
ever, show  great  ini  provenien  t  over  these  figures,  the  speed  for  rongh' 
ing  cuts  being  increased  to  about  50  feet  a  minute  for  mild  Bt«ti}l 
and  wrought  iron,  and  75  to  80  feet  j>er  minute  for  cast  iron.  Fin. 
ishing  culfl,  eHpecially  for  mild  ateel,  can  he  taken  at  rates  which 
appear  to  be  little  short  of  marvellous,  a  speed  of  from  150  feet  to  200 
feet  per  minute  being  not  nncoinniou  in  the  tinishiugof  mild  steel. 
One  of  the  pculiar  things  connected  with  the  development 
of  high-speed  steel,  has  been  the  simuluneous  development  of 
grindiDg.     The  process  of  grinding  has  no  place  in  this  artlcli 
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but  it  may  be  noted  that  the  high-speed  steels  are  being  extensively 
used  for  roughing  cuts,  while  the  finish  is  obtained  by  grinding. 
As  an  instance  of  work  of  this  character  might  be  cited  the  turn- 
ing of  cast  iron  at  a  cutting  speed  of  75  feet  per  minute — depth  of 
cut  J  inch,  with  a  feed  of  ^  inch  per  revolution,  leaving  j'j  inch 
over  the  correct  size  at  the  bottom  of  the  groove.  The  £oiah 
obtained  by  grinding  is  superior  to,  and  more  rapid  than,  thatl 
secured  by  fine  turning,  filing,  and  polishing,  ■ 

Peojile  have  l)ecome  discouraged — in  some  instances,  possibly, 
disgusted — with  high-speed  steel,  on  account  of  the  oft-prevailing 
tendency  of  hnmau  nature  to  wish  to  get  something  for  nothing. 
Tliere  are  many  brands  of  this  steel,  and  the  methods  of  working, 
especially  as  far  as  the  heat  treatment  is  concerned,  are  as  numer- 
ous as  the  steels  themselves.     Nearly  all  steel  salesmen,  even  if  they 
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do  not  iDEiet  on  leaviug  a  eaiiiplu  of  their  &teel,  are  perfectly  will. 
ing  to  do  su;  and  tLe  result  ia  thu  tool  room  soon  ac(]uire8  a 
collection  from  which  the  identifyinj;  niarka  are  almost  sure  to  be 
lost,  whereupon  there  is  trouble  for  the  tool  dresser  and  the 
inuuhinist.  It  is  nut  intended  by  this  to  advise  tlie  exclusion  of 
new  materials  and  proeeeses,  but  more  particularly  to  recommend 
keeping  the  experimental  and  the  commercial  ends  of  one's 
business  separate  and  distinct  from  eacJi  other.  It  is  well  to  try 
thoroughly  all  brands  uf  steel  offered;  bnt  it  ia  not  wise  to  have 
more  than  oue  brand  for  shop  use. 

The  steel  salesman,  also,  in  numerous  instances,  is  inclined  to 
make  claims  fur  his  particular  brand,  which  claims,  in  many  cases, 
cannot  Im  substantiated.  Tliis  does  not  imply  that  the  results  will 
not  show  a  distinct  advantage  over  the  old  carlwn  steels.  The 
purchaser  shunld  not  expect  to  obtain  results  fully  eipial  to  those 
claimed  by  the  agent,  the  claims  of  the  salesman  being  generally 
based  ou  short  laboratory  teste,  and  sometimes,  it  ia  to  be  feared, 
colored  tu  suit  the  prospective  purchaser.  If  a  substantial  eaving 
in  time  can  be  made,  there  is  ecouomy  in  the  use  of  high-speed 
steel,  and  the  fact  that  still  lietter  results  than  this  are  claimed, 
does  not  prove  that  its  use  is  not  economical. 

There  is  an  economy  in  the  use  of  this  steel,  which,  while  it 
may  be  attributed  to  the  material,  is  in  a  sense  not  directly  con- 
cerned with  its  use.  It  is  a  well-knowu  fact  that  so  simple  a 
matter  as  ajiewiing  up  the  shafting  has  a  tendency  to  quicken  the 
life  of  the  whole  shop,  Tliis  is  true  not  only  as  regards  the  actual 
output  of  the  machines;  bnt  it  also  actually  quickens  the  physical 
liioveiuents  and  mental  grasp  of  the  workmen  themselves. 

In  a  recent  address  liefore  an  engineering  Bociety,  a  speaker 
used  this  expression,  "High-speed  steel  is  developing  high-Bj)eed 
machinists,"  This  remark  is  strictly  true;  and.  although  the  intro- 
duction of  this  steel  will  l»e  opposed  by  the  slothfid  workman,  its  in- 
fltienee  upon  the  great  majority  of  men  will  bedistinctlybeneficial. 

To  sum  up  in  a  word,  the  economy  of  high-8])eed  steel  may 
be  said  tu  comprise  saving  of  time  in  the  machine  operation; 
better  mechanical  results,  especially  if  we  include  the  simultaneous 
development  of  grinding;  anil  finally — fverhaps  the  most  im)>ortant 
of  all — the  quickcDing,  pliysicaJly  and  mentally,  of  the  workman. 
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PART  I. 


Machine  shop  work  is  usually  understood  to  include  all 
cold  metal  work  in  which  a  portion  of  the  metal  is  removed  to 
make  the  piece  of  the  required  shape  and  size  either  by  power- 
driven  or  hand  tools.  However,  there  are  some  branches  of  cold 
metal  work,  such  as  sheet-iron  work  and  coppersmithing,  that  are 
not  included  in  machine  shop  work. 

HAND-OPERATED  TOOLS. 

As  the  hand-operated  tools  are  much  simpler,  and  as  the  opera- 
tions performed  with  them  are  in  eveiy  case  more  typical,  their 
description  and  use  should  precede  that  of  power-driven  tools.  It 
should  be  clearly  understood,  however,  that  machine  shop  practice 
involves  the  use  of  both  classes  at  the  same  time.  Even  hand 
tools  are  not  used  in  the  same  order  on  different  classes  of  work ; 
it  is,  therefore,  impossible  to  describe  them  in  the  order  of  use. 
Simplicity  of  construction  and  operation  will  be  the  guide  for 
treatment  in  the  following  pages. 


Fig.  1. 

The  machinist  uses  hammers  of  three  shapes :  ball  pene,  croas 
pene,  and  straight  pene.  See  Fig.  1.  The  first  named,  the  ball 
pene,  is  the  most  common ;  it  varies  in  weight  from  four  ounces 
U^  three  pounds.  The  cross  and  straight  pene  hammers  vary 
from  four  ounces  to  two  pounds  and  are  used  principally  in  rivet- 
ing.    All  hammers  are  made  from  a  good  grade  of  cast  steel, 
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bardeued,  &nd  drawn  to  a  blue  color  at  the  eye  and  a  dark  straw 
on  tlie  faco  and  pene.  The  eye  is  elliptical  in  shape,  and  the 
handle  is  fastened  by  driving  wedges,  either  wood  or  iron,  into 
the  end  of  the  handle,  thus  spreiiding  it  to  fill  the  eye.  The 
bflndle  is  of  hard  wood,  pi'efer.ibly  hickory,  and  of  a  length  suited 


Fig.  2. 

to  the  weight  of  the  hammerhead.  When  t^e  handle  is  properly 
iuseited,  tlie  axis  of  the  head  etands  at  right  angles  to  the  axis  of 
the  handle. 

Soft  hammers  are  used  for  striking  heavy  blows  where  tbt 
steel  hammer  woidd  bruise  the  metal  or  mar  tlie  surface.  They  are 
made  of  rawhide,  copper,  or  Babljitt  metal,  and  vary  iu  weight 
from  six  ounces  to  six  pounds.  They  are  subject  to  riipid  wear, 
but  are  iiKlispensiible  in  setting  up  anil  biking  down  machinery. 
Those  of  metal  are  so  constructed  that  tiie  soft  metal  can  be  re- 
cast in  the  handle. 


Ffg.  s. 

The  priek  punch.  Fig.  2,  is  made  of  cast  steel  with  a  hardened 
Oonical  point  of  about  t>0  degrees.  It  is  about  Hi  inches  long  and 
i  inch  in  diameter.  It  is  used  for  making  very  small  holes  at 
intervals  of  about  i  inch  on  a  line. 

The  center  punch,  also  shown  in  Fig.  2,  is  made  of  the  same 
general  appearance  as  the  prick  ])unch,  Imt  is  about  5  inches  long, 
i  inch  in  diameter,  and  has  a  point  of  about  90  degrees.  The 
principal  use  is  to  make  center  holes  nmrktiig  the  centers  on  the 
ends  of  pieces  to  be  turned. 

Both  prick  punches  and  center  pimclies  are  usually  made  of 
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hexagonal  steel ;  but  if  round  stock  is  used,  the  grip  should  be 
fluted  or  Iqiurled  to  prevent  slipping  in  the  fingers. 

The  scriber  or  scratch  awl,  Fig.  3,  is  made  in  many  forms, 
but  consists  essentially  of  a  cast-steel  rod  about  8  inches  long  and 
^  inch  in  diameter,  with  a  long,  slender,  hardened  point  at  each 
end ;  frequently  one  point  is  bent  at  right  angles  to  the  shank. 
As  the  name  indicates,  this  tool  is  used  for  marking  lines  on  the 
surface  of  metal. 

The  surface  gauge  is  used  in 
laying  out  work  for  the  bench, 
lathe,  Qr  planer.  The  ordinarj' 
form  consists  of  a  heavy  base,  an 
upright,  and  a  scriber  or  scratch 
awl;  the  upright  being  firmly 
fastened  to  the  base.  In  the  uni- 
versal gauge,  the  upright  is  i)iv- 
oted  at  the  base  so  that  it  may  be 
used  at  any^angle.  In  some  forms 
the  base  is  grooved  in  order  that 
the  gauge  may  be  used  on  cylin- 
drical work  as  well  as  on  flat  sur- 
faces.    See  Fig.  4. 

To  use  the  gauge,  the  part  of 
the  work  to  be  laid  out  must  be 
prepared  so  that  lines  drawn  on 
the  surface  will  show  distinctly. 
A  rough  or  unfinished  surface  is 
covered  with  chalk,  a  finished  or 
bright  surface  should  be  copper- 
plated  by  ai)plying  a  thin  coating 

of  cop2^er  sulj^hate  solution  with  a  brush  or  a  piece  of  waste.  The 
work  and  gauge  are  then  placed  on  a  true  surface  and  the  scriber 
adjusted  to  the  desired  height.  The  Ihie  is  drawn  by  moving  the 
surface  gauge  along  on  the  true  surface,  keeping  the  point  in  con- 
tact with  the  work.  After  scribing  the  lines,  it  is  well  to  place 
light  prick  punch  marks  at  frecjuent  intervals  along  the  lines,  so 
that  the  position  may  l)e  found  if  the  chalk  or  copper  sulphate 
becomes  effaced. 


Fig.  4. 
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The  straight  edge  cousists,  in  ita  simplest  fonn,  of  a  thin 
flat  piece  of  steel,  generally  unhaitlenetl,  witli  accurately  finished 
straight  edges.  Tbe  very  snrnll  sizea  used  in  fine  work  are  aome- 
tlmes  made  with  a  liiirdened  knife  edge.  A  non-conducting 
handle  ia  sometimes  used  v.'ith 
the  sniail  sizes  to  prevent  dis- 
tortion from  ttie  unequiil  heat- 
ing due  to  handling.  The  short 
lengths  used  for  ordinary  sliop 
purposes  Iiave  one  edge  bev- 
eled, and  are  thick  enough  to 
avoid  liending.  See  Fig.  5. 
Tlie  larger  sizes,  from  three  to 
ten  feet  or  more  in  length,  are 
usually  made  of  c-tst  iron  wiUi 
one  finished  edge.  The  metal  is  so  distrihuted  as  to  combine 
lightness  with  great  rigidity,  the  tendency  of  the  ends  to  drop 
being  resisted  by  the  truss-like  form  of  tlie  casting  shown  in  Fig. 
6.  The  flat  form  is  used,  in  connection  with  the  scriber,  to 
draw  accurate  striiight  lines  on  plane  surfaces.  All  styles  are 
used  to  test  the  truth  of  plane  sufacea  hy  placing  the  straight  edge 
on  the  Burface  to  be  tested  in  not  less  than  the  six  positions  shown 
in  Fig.  T. 
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For  drawing  lines  and  laying  off  distances  on  curved  sur- 
faces, such  as  shafts,  a  combination  of  two  straight  edges,  or  a 
straight  edge  and  a  rule,  is  used.  Tliis  is  often  called  a  key 
teat  rule  because  its  chief  use  is  laying  out  kej's  on  shafts. 
However,  many  machinists  call  it  a  "  box-rule."  It  is  usually 
made  in  one  piece,  altliough  some  manufacturers  provide  clamps 
by  which  the  t\\o  separate  jiieces  are  held  at  right  angles  to  one 
another.  A  more  simple  combination  is  shown  in  Fig,  8,  the 
second  scale  being  represented  by  two  special  clamps. 
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The  simplest  form  of  square,  called  the  flat  square  (Fig-  9), 
is  a  combination  of  two  stsuight  edges  at  right  angles.  This  is 
a  useful  form  where  the  square  is  laid  on  the  work.     One  blade 


ia  usually  graduated  on  the  inner  edge,  and  tlie  other  on  the 
outer  edge.     The  flat  square  is  not  hardened. 

The  try  square,  shown  in  Fig.  10,  consists  of  a  beam  and 
a  blade  at  right  angles.     The  beam  is  much  thicker  than  the 


Fig.  a 


blade  and  soniewlmt  shorter.  Try  squares  ate  made  both  un- 
luirdened  and  hardened.  The  unhardened  form  lias  graduations 
on  one  edge,  and  is  called  the  graduated  try  square.  The  hard- 
ened type  always  has  a  hardened  blade,  sometimes  a  hardened 
beam  as  well,  and  is  not  graduated. 
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The  try  square  ia  used  as  a  guide  to  draw  lines  at  right  anglea 
to  each  other  and  to  given  siirfiuies  j  to  erect  and  test  perpendic- 
uhirs  to  plane  surfaces;  to  test  the  truth  of  a  given  surface  at 
right  angles  to  another  surface ;  in  shnrt,  it  ia  used  wherever  an 
accurate  measurement  of  90"  ia  required.  When  used  for  tesdng 
the  relation  of  two  snrfaces,  the  beam  is  pressed  closely  against 
the  correct  surface,  aod  the  hlade  brought  carefully  down  to  the 
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Fig.  01 


surface  under  consideration.     This  does  not  prove  more  tbau  that 

a  line  at  the  particular  pihit  tested  is  or  is  not  at  right  anglea  to 
the  true  surface.  By  using  tlie  hlade  as  a  straight  edge  parallel 
to  the  true  surface,  en-ors  in  that  direction  may  be  corrected  and 
the  surface  be  made  plane. 

In  many  caso.s  it  is  necessary  to  test  the  relation  of  lines  and 
surfaces  which  nre  not  at  rif^ht  angles  to  each  other.  For  this 
purpose  a  bevel  is  used  in  which  whiit  corresponds  to  the  blade 
of  the  square  is  made  adjustable.  Its  construction  is  seen  in 
Fig.  11,  and  its  use  is  similar  to  that  of  the  square. 
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The  bevel  can    be  atljusted   <nily   by  direct  application   to 
lines  or  surfaces  Laving  tlie   proper  angular  relation.     It  often 
happens  that    such  adjustment 
is  nut  feasible,  and  tliei'efore  a 
registering  device,  in  the  form 
of  a  graduated  arc,  is   applied 
t<)    the   bevel,   nmking   what  is 
known  as  h  protractor,  shown 
in  Fig.    13.     This  tool  can   be 
used  to  find   tlie   angular  rela- 
tion in  degiees  or   to   produce   tiiat   relation    by  setting  to  the 
proper  point  on  the  graduated  arc. 

As  the  center  of  a  eircle  is  found  at  the  intersection  of  any 
two  diameters,  an  instrument  for  readily  iiudlng  tlmt  point  is  a 
great  convenience.  In  Fig.  12  is  shown  a  combination  of  straight 
edge  and  square  eallud  a  center  square,  which  accomplishes  this 


Fig.  10. 


resnlt.  As  one  edge  of  the  ride  bisects  the  angle  of  the  square, 
it  is  evident  that  a  line  drawn  by  tliat  edge  passes  tlirough  the 
center  of  any  circular  piece  to  which  the  square  is  applied. 
Centering  the  ends  of  round  bars  or  circular  work  of  any  kind 
is  the  principal  use  of  this  tool. 

The  center  square,  bevel,  and  protractor  are  furnished  in  a 
crinibination  set  as  shown  iu  Fig.  14.  The  ability  to  change  the 
length  of  the  blade  is  one  of  ihe  gi'eat  benefits  of  this  coustructina. 
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MEASURING   TOOLS 

The  testing  tools  thus  far  described  are  used  for  comparing 
the  angular  reljitioii  of  lines  and  surfaces,  and  may  be  called  tools 
ffir  angular  uiensurement.  We  now  turn  to  the  consideration  of 
instruments  for  measuring  distances  and  sizes,  or  tools  for  linear 
measurenient. 
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The  most  com ni on  tool  ior  linear  meamirement»,  and  one  which 
hardly  requires  description,  is  the  so  called  carpenter's  or   two- 


k 


foot  rule.     This  is  very  convenient  for  the  machinist  in  making 
measurements  which  are  not  required  to  be  veiy  accurate.     For 
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work  ot  greater  refinement,  the  standard  steel  scale  (Fig.  15)  is 
uaed.  This  is  in  reality  a  divided  or  graduated  straight  edge  and, 
as  such,  foniia  a  piirt  of  sevend  tools  already  described.  The 
most  common  form  of  steel  scale  is  flat,  varying  from  one  to  forty- 
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eight  inches  in  length,  and  carefully  hardened  and  ground.  The 
graduations  in  the  better  class  of  scales  are  cut  with  a  dividing 
engine,  although  the  lines  may  be  etched  on  the  surface  with  a 
fair  degree  of  accuracy.  A  thin  and  somewhat  narrower  form, 
called  a  flexible  scale,  is  made  in  sizes  from  four  to  thirty-six 
uiches.     What  are  known  as  narrow  scales  are  obtainable  from 
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Fig.  16. 

four  to  thirty-six  inches,  and  are  of  great  convenience  in  certtua 
cases.  Besides  thest  shapes,  square  scales  are  made  in  sizes  from 
three  to  six  inclies  in  length,  and  the  triangular  form  varies  in 
length  fnmi  three  to  twelve  inches.  Steel  scales  with  the  Eng- 
lish system  of  graduation  can  be  obbiined  with  the  inches  divided 
in    e^hths,    sixteenths,  thirty-seconds,    sixtjy-f ourths ;  tweUths* 
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twenty-fourths;  tenths,  twaiitictlis,  fiftieths,  iuilI  hundredths. 
Special  scales  are  made  ^vith  g-raduatious  especially  adapted  tu 
Buch  uses  as  gear  blmik  sizing,  etc. 

Tlie  ends  of  fiat  rules  aw  scimetiDies  ginduated,  making  what 
might  be  called  a  very  short  nile  with  n  handle.  Flat  rules  are 
sometimes  graduated  with  Metiie  divisions  as  fine  as  one  milli- 
meter, and  from  fivo  centimeters  to  one  meter  in  lengtli. 

For  transferring  and  comparing  distances,  dividers  are  com- 
monly used.     They  are  elassified  awording  to  tlie  style  of  joint 


Fij,'.  10. 


Fy.  17. 


L 


and  the  length  of  the  leg.  The  most  simple  Joint  is  the  friction, 
and  like  ail  frictional  devices,  is  hard  to  set  accurately.  Lock-joint 
dividers  can  be  moved  fieely  to  apjiroxiniately  the  right  jiosition, 
the  joint  locked,  and  the  adjusting  screw  used  for  tlie  final 
setting. 

Wing  dividers,  Fig.  16,  are  of  about  tlie  same  construction 
as  the  lock  joint,  except  that  the  fastening  is  made  on  the  wing 
instead  of  at  the  pivot.  The  Ije.st  of  all  forms  has  a  spring 
adjustment  as  shown  in  Fij;;.  17.  In  this  ty[Te,  a  spring  tends  to 
open  the  dividers,  and  the  legs  are  closed  against  the  spring  by 
u  nat  working  on  a  screw  >vhicli  is  fastened  to  one  leg  and  passes 
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freely  through  the  other.  The  lengUi  of  dividers  varies  from 
two  and  one-half  to  ten  inches.  The  distance  to  which  dividers 
can  be  opened  is  generally  about  equal  to  the  length  of  the  leg. 
For  distances  above  ten  inches,  tramjtiel  pointa,  diagram.  Fig.  18, 
are  convenient.  They  consist  of  hardened  Bteel  points  attached 
to  metal  sockets,  and  can  be  used  on  rods  of  any  length.  One 
point  may  have  a  spring  adjustment,  and  in  that  case  can  he 
set  in  the  same  manner  as  a  pair  of  wing  dividers. 

:Xext  in  importance  to  the  dividers  as  an  adjustable  distance 
gauge,  are   the  calipers.     Instead  of  having  strai^t  legs  with 


Big.  1ft 


sharp  points,  caliper  legs  are  bent  and  have  blunt  points.  As  di^ 
tances  are  to  be  measured  both  outride  and  inside  of  solid  bodies, 
we  have  outside  and  inside  calipers.  The  legs  of  outside  calipers 
have  a  large  curvature  so  that  the  calipers  may  be  passed  over 
cylinders  of  their  greatest  capacity. 

Inside  calipers,  Fig.  20,  are  more  like  dividers  in  general  ap- 
pearance, tlie  ends  being  bent  outward  slightly  and  the  points 
rounded.  The  fsame  styles  of  joints  used  in  dividera  arb  used  in 
calipers,  and  the  size  of  calipers  is  also  designated  by  the  distance 
from  the  joint  to  the  end  of  the  leg.     Spring  calipen  4re  nude 
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in  sizes  from  two  and   one-half  to  eight  inches,  wliile  t!ie  other 
styles  yiiry  up  to  twenty-four  inches. 

As  ib  is  (sometimes  necessary  to  make  measurements  behind 
shouWers  and  in  chambered  euvities,  where  tlie  ortlinary  caliperB 
could  not  be  i-eninved  after  setting,  it  is  necessary  to  have  cal- 
ipers so  arranged  that  they  may  be  set,  changed  to  clear  the 
obstruction,  and  then  reset  accurately  in  the  iirst  position.  This 
is  accomplished  by  transfer  calipers,  shown  in  Fig.  19,  id  which 
one  lug  is  temporarily  f«steni'd  to  a  stub  or  false  leg.     After  aet- 
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Fig.  19. 
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ting,  this  leg  may  be  moved  nway  from  the  stub,  the  calipers 
witlidi-.iwn,  and  tlie  leg  again  placed  iii  conttwt  with  the  stub; 
the  points  will  then  bu  found  to  occupy  the  s.tme.  position  as 
when  first  set.  Small  curved  tegs  may  he  used  in  place  of  points 
or  trammels  in  calipeiing  laige  objects. 

lidth  dividers  and  caliiwi-s  are  usually  set  by  means  of  a  scale. 
In  setting  dividers,  i)lnce  omh  point  in  a  graduation  of  the  scale, 
and  move  the  other  until  it  falls  easily  into  another  graduation 
which  gives  the  required  distance.  Outside  calipei-s  aiB  often  set 
by  placing  one  leg  against  the  end  of  the  scale  and  moving  the 
other  until  it  is  ojipositf  the  middle  of  tlie  graduation  giving  the 
required  length.  As  the  gcad nations  are  not  mathematicnl  lines, 
but  have  an  afpreciable  width,  this  last  precaution  is  one  of 
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great  importauce.  Inttide  calipers  are  set  by  placing  l)i>th  the 
acale  and  caliper  toe  against  a  plane  surface  as  shown  in  Fig.  21 ; 
the  other  toe  is  then  set  the  same  as  the  nutsitle  caliper. 

Caliper  legs  are  conipacatively  slender,  are  easily  bent,  and  care 
must  be  taken  in  using  them  to  see  that  tlie  contact  with  the 
object  being  tested  is  very  light.  It  is  an  easy  matter  to  spring 
calipers  of  connnon  sizes  as  much  as  oue-8ixt«enth  of  an  inch. 

The  caliper  square  is  made 
by  attaching  a  movable  blade 
to  the  common  st^uare.  In  the 
iirdiniiry  forms  it  closely  re- 
sembles a  steel  rule  with  two 
arms  extending  from  it  at  right 
angles,  one  fixed  near  the  end 
and  tlie  adjustable  arm  sliding  i 
along  the  scale  with  a  clamping 
device  fi)r  adjusting  this  mov- 
able ami.  In  order  tliat  tlie 
movable  arm  may  be  set  accurately,  caliper  squares  (Fig.  22),  us 
at  present  constructed,  have  two  clamps  for  the  movable  ami. 
The  one  carrying  the  thumb  nut  is  to  be  Jli-st  clamijed  in  appmxi- 
mately  the  li^jht  i>osition ;  the  clamp  on   the  movable  arm  being 
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secured  after  the  adjustment  has  been  made  by  the  nut.  The  sizes 
used  vary  from  tliree  inches  up,  and  are  limited  only  by  the  length 
iif  scales  obtainable. 

For  measurements  which  are  required  to  be  more  accumte  than 
can  be  ubtained  Ijy  tlie  preceduig  forms  of  calii>ering  devices,  the 
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micrometercalfper,  Fig.  23,  is  used.  Tbe  accuracy  of  its  meas- 
urements is  determined,  not  by  direct  setting  to  two  lines,  but  by 
finely  dividing  tlie  pitch  of  tlie  menauring  si-ifw  and  fumisbiiig 
ineuus  for  i-eadiiig  tliese  subdivisions.  It  ia  a  it'gistering  as  well 
as  an  ttidicating  caliper,  and  tlius  serves  tiie  jiuq^ose  of  u  ciimuion 
ciiliper  ill  combination  \vjtli  a  rule,  but  with  a  much  greater 
degree  of  accuracy. 

It  consists,  essentially,  of  a  crescent-shaped  frame  carrying  a 
hardened  steel  anvil  H  at  one  end  aud  a  nut  of  fine  pitch  at  the 
other;  tlie  axis  of  the  nut  being  at  right  angles  tu  the  face  of  the 
anvil.       The  outside  of  tbe  nut.  A,  forms   a   ]irojection  beyond 
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the  crescent  that  is  called  tlie  barrel.  The  measuring  screw  con- 
sists of  a  fine-pitched  screw  to  fit  the  imt,  combined  with  a 
measuring  point  C,  having  a  face  parallel  with  that  of  the  anvil. 
Firmly  attached  to  the  outer  end  of  this  screw,  is  a  lliimble  D, 
fitting  closely  over  the  barrel;  the  edge  of  this  thimble  is  beveled 
so  that  graduations  placed  on  tlie  edge  come  very  close  to  the 
bari'el.  A  reference  line  is  drawn  on  the  barrel  pamllel  to  its 
axis  and  graduated  to  repitseiit  the  pitch  of  the  screw.  The 
chamfered  edge  of  the  thimble  ia  so  divided  tliat  the  movement 
of  one  division  past  the  [■eference  line  on  the  barrel  indicates  a 
movement  of  the  measuring  point  of  one  thousandth  of  an  inch. 
For  example:  if  the  jiitch  of  the  measuring  screw  is  one 
hundredth   of  an  inch,    there  should    bu    ten  divisions   oil   the 
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thimblfl ;  if  one  fiftieth  of  an  inch,  twenty  divifdona ;  if  one 
fortietli  of  an  inch,  twenty-five  divisions;  if  one  twenty-fifth  of 
an  inch,  forty  divisions.  Mnasunng  screws  haviiig  a  pitch  of  one 
fortietli  of  an  inch  are  coiumonly  used,  and  every  fourth  division 
on  the  barrel  lengthened  and  numbered  to  indicate  tenths  of 
inch  as  shown  in  Kig.  25. 

In  using  tlio  micrometer  cali^wr,  it  sliouhl  not  be  set  at  the 
size  reqiiii'ed  and  puslieil  over  the  work,  but  sbouUl  be  screwed 
down  until  the  nieasuniig  point  C  and  anvil  B  ai-o  in  contact  with 
the  work;  tlie  size  may  then  Iw  rejul  from  the  relation  of  the 
thimble  to  the  i-eference  line  on  the  barrel.  Ihe  proper  degree 
of  pressure  to  be  applied  to  the  screw  ia  acquired  only  after  ex- 
tended practice,  and  some  manufacturers  place  a  friction  d( 
on  the  thimble  so  tliat  undue  jtressure  cannot  be  exerted. 
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The  micmmetpr  cnliixr  will  not  only  indicate  that  tJie  work 
is  too  laige  or  too  small,  but  will  also  show  exactly  the  amount 
by  which  it  diffei-s  from  the  desired  measurement.  This  is  a  great 
improvement  over  tlie  rigid  form  of  calipers,  and  enables  tlie 
workman  to  jndge  more  aecumtely  tlie  progress  of  the  work. 
This  form  of  calijier  is  rapidly  coming  into  fav<ir  in  spite  of  its 
cost,  and  for  tiiis  rea.son  it  has  Iwen  descritwd  more  at  length  than 
the  common  forms  previously  considered. 

The    range    of   motion    of   the    measuring   screw  is  usual! 
limited  to  one  inch.     Various  devices  give  the  micrometer  call] 
a  larger  range  of  action.     Micrometer  calipers  may  now  be  pui 
chased  in  combinations  or  sets  giving  a  range  from  zero  to  twelvi 
inches. 

The  application  of  the  micrometer  principle  to  inside  meas- 
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iiranienta  is  not  in  general  use,  but  in  eiisy  ti.i  arnuige,  Hiid  makea 
a  very  sintple  instrument,  as  hIiowu  in  Fig.  24.  It  consists  of  an 
.ordinary  micrometi't  head,  except  tliat  the  outer  end  of  the  thim- 
ble carries  a  contact  yoint,  attached  to  a  measuring  I'od  which  may 
be  of  any  length.  Two  inches  is  ahout  the  shortest  distance  tliat 
can  be  meiisuifd  with  this  device,  but  tliei-e  is  hnnlly  any  limit  in 
length,  HM  tlie  rigidity  of  the  rod  is  easily  jniivided  for.  It  ia  evi- 
dent that  fiui'h  rigidity  is  harder  to  obtain  in  tlie  curved  shape 
necessary  for  onteide  measurement,  and  thus  limits  this  form  to 
about  12  inches,  as  nhove  atot«d.  The  contact  jxiinta  in  the 
outside  type  are  parallel  plane  surfaces,  and  in  the  inside  form  are 
rounded  points  of  small  niilius.     Outside  micrometers   ;ire    pro- 
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vided  witli  contict  jxiints  of  varying  forma  for  meaaiiring  paper, 
threads,  ivnlla  of  tultes,  etc.  'Vhe  shapes  for  these  purposes  will 
not  be  shown,  but  may  easily  be  imagined, 

Reading  the  Micrometer.  As  stated  above,  the  micrometer 
screw  has  40  threads  per  inch  and  tlie  thimble  lias  25  divisions 
on  its  circumference.  The  barrel  is  divided  to  correspond  to  the 
pitch  of  the  screw  with  each  fourth  division  numbered.  In  lead- 
ing tlie  uidicated  measurement,  first  note  the  highest  number  visi- 
ble on  the  barrel,  and  call  it  hundreds  of  thousands  or  tenths.  (In 
Fig.  25  it  is  400  thousandths  or  .400.)  Then  read  tlie  short 
divisions  on  the  barrel,  calling  the  tirst  division  25  thousandths 
(.025),  the  second  60  thousandths  (.050),  and  the  thinl  75  tliou- 
aandths  (.075),  In  this  figure  the  thinl  division  is  tiie  last  one 
visible.     Now  read  the  number  indicated  on  tlie  thimble;  I  hat  is. 
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the  niunber  that  has  passed  the  line  running  lengthwise.     In  the 
figure  it  is  16 ;  or  161  if  the  reading  is  to  Ik)  finer  than  thou- 
sandths.    Add  this  reading  to  the  readings  of  the  short  divisions, 
thus:    75  +  16.]  =91i;    this 
is  .091i.     Adding  the  .400 
to  this  we  get  .491 1.     This 
means  that  the  distance  from 
the  anvil  to  the  measuring- 
point  is  iVoV%*  ^^  '^'^  inchj  or 
.4915  inch.     H  the  microm- 
eter caliper  is  a  good  one, 
we  may  be  sure  the  distance 
is    between   .491    inch   and 
.492  inch. 

The  Vernier.  As  has 
already  l)een  stated,  the  finest 
graduation  that  can  be  easily 
read  on  a  steel  rule  by  the 
naked  eye,  even  after  much 
practice,  is  one-hundredth  of 
an  inch.  With  the  growing 
refinement  in  measurements, 
it  was  found  necessary  to 
obtain  readings  finer  tlian 
this,  and  a  method  of  subdi- 
vision, known  from  the  name 
of  the  inventor,  as  the  "  Ver- 
nier," was  adopted.  The 
principle  will  fii*st  be  ex- 
])lained.     (Sec  Fig.  26.) 

Let  two  rules  be  so 
graduated  that  the  tnie  scale 
has  each  inch  divided  into 
ten  e([ual  parts,  and  the  Ver- 
nier scale  has  ten  divisions  occupying  the  same  space  as  nine  of 
the  divisions  of  the  scale.  It  is  evident  that  one  of  the  divisions 
(»ii  the  Vernier  is  equal  to  -^^  of  one  of  those  on  the  scjile.  Now,  if 
tlic  Vernier  be  moved  to  the  right  so  that  tlie  graduations  marked 
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1  shall  ooinoide,  the  Vernier  vnll  have  moved  one  tenth  of  a  divis- 
ion on  the  scale,  or  one  hundredth  of  an  inch;  when  graduations 
numbered  5  coincide,  the  Vernier  will  have  moved  five  hundredths 
of  an  inch;  when  lines  marked  0  and  10  coincide,  the  Vernier 
will  have  moved  nine  hundredths  of  an  inch ;  and  when  10  on « 
the  Vernier  comes  opposite  10  on  the  scale,  tlie  Vernier  will  have 
moved  ten  hundredths  of  an  inch,  or  the  whole  of  one  division 
on  the  scale.  By  tiiis  means  the  scale,  although  graduated  only, 
to  tenths  of  an  inch,  may  be  accurately  set  at  points  whose  poei« 
tions  are  tsxpressed  in  hundredths  of  an  indu 
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Fig.  27. 


Let  us  consider  Fig.  26.  At  A  the  Vernier  is  shown  with 
the  0  in  line  with  2  on  the  scale ;  hence  tlie  reading  is  2.000. 

In  B,  the  0  of  the  Vernier  has  moved  to  the  right  beyond  the 
division  marked  5.  The  line  9  on  the  Vernier  is  in  line  with  a 
line  on  the  scale ;  hence  the  reading  is  2.59. 

In  C,  the  zero  of  tlie  Vernier  has  moved  to  the  right  still 
farther.     The  reading  is  evidently  4.05. 

In  D,  the  reading  is  3.43. 

In  E,  the  reading  is  2.28. 

While  arcs  of  small  radius  can  be  easily  graduated  into  de- 
grees, it  is  not  possible  to  subdivide  the  degree  without  making 
the   divisions   confusing.      By  aid    of   the    Vernier   placed   just 
above  the  true  scale  representing  ilegi-ees,  readings  run  Ik)  made     . 
with  accuracy  to  one-tenth  of  a  degree,  or  six  minutes.      The 


200 


MACHINE   SHOP  WOEK. 


21 


divisions  of  such  a  Vernier  scale  are  shown  in  Fig.  27,  and  are 
alwi  shown  when  set  to  read  76°  48'. 

The  most  common  application  of  the  Vernier  to  linear  meas- 
urements is  found  in  the  Vernier  caliper  square.     The  one  shown 


in  Fig.  28  reads  to  one-thousandth  of  an  inch.  Each  inch  of  the 
true  scale,  or  beam  of  the  instrument,  is  divided  into  40  parts 
(every  fourth  graduation  being  emphasized),  while  the  Vernier, 
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VERNIER 
fig.  2Ba. 

or  sliding-scale,  has  2.5  divisions,  occupying  the  same  space  as  24 
divi8ion»  on  the  true  scale.  By  the  reasoning  used  in  connection 
with  Fig.  2ti  tlie  difference  in  length  of  one  division  on  tJit;  Ver- 
nier, as  compared  with  one  of  those  on  the  true  ycule,  is  equal  to 
one  twenty-fifth  of  one  fortieth  or  one  thousandtli  of  an  inch.  The 
caliper  siiuai-e  shown  in  Fig.  28  is  set  at  .279  incli.  The  scale  is 
also  .slunvn  cnlai'ged  in  wliich  the  rending  is  l.St  incli. 

Hy  tin?  use  of  Hit-  Vcniicr  in  connection  with  the  micnmieter 
caliper,  i-eiidingH  uiv  easily  mside  to  one  ten-tJiousaudth  of  an  inch. 
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As  shown  in  Fig.  29,  lineB  are  drawn  on  the  barrel  pai-aUel  to  the 
reference  line,  making  ten  equal  divieinna  occupying  the  same 
space  as  nine  divisions  on  the  thimble.  Referring  to  Fig.  30,  it 
will  be  seen  that  each  division  on  the  thimble  may  be  ncciirately 
divided  iiito  (en  parts,  each  indicating  a  diEEerence  iu  the  jjosition 


l-ifi.  29. 


of  Um  measuring  point  of  one  ten -thousandth  of  an  inch.  Rapid 
reading  of  the  Vernier  in  any  form  can  only  be  acquired  by  prac- 
tice, but  the  following  directions  may  be  Eound  helpful : 

In  Reading  the  Vernier,  we  must  bear  in  mind  the  fact  that 
each  division  on  tlie  Vernier  is  -^^  of  one  division  on  the  scale, 
and  that  if  line  No.  1  on  the  Vernier  is  in  line  with  any  division 
of  the  scale  the  zero  of  the  Vernier  is  -^^  of  one  division  away 
from  the  graduation  below  it;  if  line  No,  2  is  in  line,  the  zero  ia 
j^  away  from  the  graduation;  if  line  No,  6  is  in  line,  the  zero 
is  J,,  Tivrny. 


V 


Siiiipoae  the  Vernier  is  in  position  on  the  scale  and  gmduated 
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as  shown  in  Fig.  30.  First  read  tlie  highest  division  on  the  scale 
to  tlie  loft  of  the  zero  on  tlie  Vernier.  (69  is  the  division  in  the 
liguie.)  Then  follow  along  the  scale  (to  the  right)  until  two 
giaduations  are  found  tliat  are  in  line,  as  at  6  on  the  Vernier  and 
75  on  the  scale.  Now,  since  one  division  on  the  Vernier  means 
that  the  zero  is  -^^  of  a  division  of  the  scale  away,  six  divisions 
of  the  Vernier  means  that  the  zero  is  -^^  away ;  hence  the  zero 
of  the  Vernier  is  -^j^  l)eyond  the  69,  and  the  reading  is  69  and 
■^^  or  (>0.G. 

Arcs  of  circles,  such  as  are  on  surveyor's  instruments,  may 
be  graduated  to  read  to  half  degrees  if  the  diameter  is  about  8 
inches.  Now,  if  we  put  on  the  circle  a  Vernier  graduated  so  that 
we  have  30  divisions  equal  to  29  divisions  of  the  scale  (arc),  we 
can  read  30tlis  of  half  degrees  or  mintUea. 
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Vernier  Micrometer.  To  get  very  accurate  readings,  a  Ver- 
nier scale  is  placed  on  the  barrel  of  the  micrometer  caliper.  Let 
Fig.  29  represent  llie  back  side  of  the  micrometer  calii)er  shown 
in  Fig.  25.  The  reading  already  obtained  was  .491  inch.  Now 
tmii  tlie  caliper  over  (Fig.  29),  and,  commencing  at  the  right, 
count  the  ^graduations  until  one  is  reached  that  coincides  or  is  in 
line  with  a  graduation  on  the  thimble.  In  doing  this,  call  the  first 
division  zero,  the  second  1,  the  third  2,  etc.  The  number  of  the 
division  on  the  Vernier  that  is  in  line  with  the  division  on  the 
thiiiihlo  indicates  the  ten-thousandths  above  the  regular  microme- 
tt?r  reading.  From  Fig.  29  we  see  that  the  5th  line  is  the  gradu- 
ation which  is  in  line  with  the  division  on  the  thimble  which 
should  \w  called  4,  as  explained  above.  Then  the  reading  is 
A\^\\  instead  of  .4915,  as  we  read  it  fiom  the  other  side  (the 
plain  niicronieter).  With  a  good  micrometer,  we  can  be  sure  that 
the  distance  between  the  anvil  and  the  point  is  more  than  .4913 
and  less  than  .4915. 
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The  Retrograde  Vernier.  In  addition  to  the  direct  Vernier, 
there  is  miother  form  called  tlie  retrograde  Vernier,  which  has  10 
divisions  on  the  Vernier  and  11  on 
the  scale.  In  this  case  the  graduit- 
tiona  on  the  Vernier  must  be  re- 
versed, as  shown  in  Fig.  31. 

Calipers  reading  to  ten-thous- 
andths should  not  be  commonly 
used  when  line  measurements  are 
not  required,  because  in  an  instni- 
ment  of  this  class  wear  ia  jierceptible  and  important  which  would 
lie  of  compaiutively  little  consequence  in  a  caliper  that  reads  only 
to  thousandths. 

In  using  the  micrometer  caliper  for  fine  measurements,  care 
should  be  biken  in  the  handling  of  the  instrument.  Constant  con- 
tact with  the  warmth  of  the  hand  will  expand  it  sufficiently  to 
make  an  enijr  in  the  reading.  The  body  should  be  held  between 
the  thumb  and  forefinger  of  one  hand  and  the  thimble  turned  with 
the  other.  It  should  be  laid  aside  as  soon  as  a  reading  has  been 
made.  It  should  never  be  laid  upon  a  piece  of  cold  iron,  because 
the  contraction  due  to  chilling  is  likely  to  cause  an  eiTor  in  the 
opjKisite  direction  from  that  which  would  bo  caused  by  the  heat 
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EXAMPLES   FOR   PRACTICE. 

1.  A  micrometer  caliper  shows  a  reading  of  .463  ;  how  many 
tines  must  the  thimble  be  turned  to  produce  a  reiiding  of  .587  ? 
A:isume  40  threads  per  inch.  Ans.  4^|  times. 
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2.  What  are  the  i*eadings  of  the  Vernier  micrometer  calipers 
shown  in  Figs.  A  and  B  ?      Ans.  .039. 

3.  State  the  readings  of  the 
micrometer  calipers  shown  in  Figs, 
C  and  I).  Ans.  .1646. 

4.  Give  the  readings  of  the 
Vernier  micrometer  calipers  shown 
in  Figs.  E  and  F.  Ans.  .7398. 

5.  Sketch  the  front  and  back  of 
a  Vernier  micrometer  caliper  when 
the  reading  is  .6327. 

6.  What  is  the  reading  of  the 
Vernier  and  scale  when  in  position  G? 

Ans.  6.36. 
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Fixed  Gauges.  While  the  adjustable  gauges  that  have  just 
been  described  are  available  for  a  large  range  of  work,  gauges  of 
one  dimension,  or  fixed  gauges,  are  used  to  a  considerable  extent, 
esiHJcially  in  shops  where  work  of  a  duplicate  character  is  produced 
in  large  quantities.  These  may  be  used  as  standards  to  which 
adjustable  gauges  may  be  set,  or  used  directly  in  connection  with 
tlie  work  in  the  same  manner  as  an  adjustable  gauge.  The  form 
of  such  gauges  for  comparisons  of  length  is  a  steel  rod  with  the 
ends  carefully  ground  so  that  the  distance  required  may  be 
quickly  and  accurately  determined.  In  one  form  the  ends  are 
parallel  plane  surfaces,  and  in  another  the  ends  are  sections  of  a 
sphere  of  the  same  diameter  as  tihe  length  of  the  rod.  Both  th^se 
forms  are  illustrated  in  Fig.  32.  Another  form  of  gauge  for  the 
same  purpose  consists  of  hardened  and  ground  steel  disks,  Fig.  33, 
to  which  calipers  and  similar  tools  may  be  set,  and  which  may  be 
used  also  to  test  the  size  of  holes  by  direct  application.  For  the 
latter  purpose  handles  are  provided  by  which  the  disks  can  be  con- 
veniently manipulated. 
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I'tu)^  )uj(l  ring  g-.iuges,  as  kIiowii  in  Fig.  34,  furnish  aL-curute 
and  convenient  standard))  for  the  production  of  duplicate  parta  of 
maeliiues.     The  Hatiie  result  is  iittnined  by  the  calipur  gauge  shown 
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Fip,  32. 

m  Fig.  35,  which  combines  tlie  two  gauges  in  one  piece.  In  this  ] 
form  the  external  gauge  Inis  parallel  plane  surfucca  and  the  iii-  ' 
temnl  gauge   is   a  section  of  a  cylinder.     Jn  sizes  above    three 
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inches,  the  caliper  gauge  is  usuuliy  made  in  two  ]jnrts,  also  shown 
in  Fig.  35,  making  the  tool  easier  to  handle. 

As  is  indicated  hy  the  cost  of  these  gauges,  the  exact  dupU-t 
catiou  of  such  exact  sizes  in  tiiiantities  would  mean  a  cost  thi^rj 
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wdiild  bo  proliibitive  in  macliiiie  conatnictioii.  The  limit  of  error 
ill  the  staiidanl  gauges  just  described  is  never  over  one  ten-thou- 
sandth of  an  inch  at  a  stAnilard  temperature,  which  ia  usually  taken 
as  70°  F.     Ordinary  machine  parts  do  not  require  such  accuracy, 


Fig.  34. 


and  it  is  usual  to  allow  a  limit  of  error  which  is  in  accordance 
with  the  class  of  work  being  produced. 

For  testing  sizes  and  dimensions,  both  at  the  machine  and  in 
the  ins{)ection  department,  combination  gauges,  known  as  limit 
gauges,  are  employed.     These  are  made  both  for  external  and 


fig.  86. 

internal  measurements.  The  external  gauge  shown  in  Fig.  36  is 
for  ti-stinf,'  pieees  supposed  to  be  ,25  inch  in  diameter.  As  indi- 
cated by  the  figures  on  the  gauge,  the  piece  is  allowed  a  variation 
of  .OOU-^  inch  over,  and  .001  inch  under  the  nominal  size.  The 
words  "  go  on,"  and  "  not  go  on,"  stamped  near  the  ends,  indicate 
clearly  how  tlie  gauge  is  used.  This  gauge  is  more  conveniently 
arranged  as  sliown  in  Fig.  37,  in  which  the  work  must  enter  tlie 
first  parallel  opening,  but  must  not  pass  through  the  second.  In 
this  fiirni,  one  motion  tests  the  piece  for  variation  above  and  be- 
low till!  standard.  Fig.  38  sho^ra  a  limit  gauge  for  holes,  the  end 
marked  "  go  in  "  being  required  to  pass  into  the  hole,  while  the 
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other  end  marked  ^  not  go  in,**  must  not  enter.  An  arrangement 
of  the  internal  limit  gauge  similai*  to  the  external  gauge  of  Fig.  87 
is  shown  in  Fig.  39,  and  has  the  same  advantages. 
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Fig.  36. 


Fig.  87. 


In  some  classes  of  work,  no  variation  is  allowed  over  the 
standanl,  and  in  others,  no  variation  is  allowed  under  the  nominal 
size.  The  amount  of  variation  allowed  in  any  case  is  governed 
by  the  class  of  work  and  the  intended  use  of  the  piece.     As 
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these  allowances  are  not  uniform,  such  giiuges  are  made  only  to 
Older. 

For  many  years  gauges  of  an  entirely  difterent  character 
have  been  used  in  the  measurement  of  wire,  small  rods,  and  sheet 
metal.  Tlie  sizes  have  been  designated,  not  by  tlie  diameter  or 
any  definite  unit,  but  by  a  number  or  letter  in  a  purely  arbitrary 
manner.  Even  in  the  same  gauge,  the  sizes  do  not  advance  in 
any  regular  order.  The  matter  is  still  further  complicated  by 
the  fact  that  in  one  gauge  large  numbers  indicate  large  sizes, 
while  in  another,  the  smaller  numbers  mark  the  large  diameters. 
Another  source  of  annoyance  lies  in  the  fact  that  such  gauges 
arc  cheaply  made  and  cannot  be  relied  uj)on  to  l)e  duplicates  of 
one  another.  These  gauges  were  the  natural  result  of  the  recogni- 
tion by  large  manufacturers  of  the  necessity  of  standanls  by  which 
to  grade  their  products.  Hence  we  have  such  gauges  as  the 
Brown  and  Sharpe,  Birmingham  or  Stubs,  Washburn  and  Moen, 
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United  States  standard,  Morae  Twist  0rill  Co.,  iintl  juany  otJiers. 
As  a  step  in  Uie  right  direction,  a  decimal  gftiige  has  recently 
been  mlopted,  in  which  the  sizes  are  indicated  by  numbers  which 
represent  the  diameters  in  thousandths  of  an  inch.     Most  of  these 


gauges  had  their  origin  in  days  when  refined  measurements  were 
not  coiomou,  but  since  the  use  of  the  micrometer  ciiUper  has 
become  almost  iniiversal,  there  seems  to  be  no  good  reason  why 
all  sizes  should  not  be  expressed  in  thousandths  of  an  inch,  thus 


avoiding  all    the  troubles   Incident  to  the   use  of  the  arbitrary 
gauges. 

For  the  production  of  accurate  plane  surfaces  the  use  of  the 
straight  edge  is  not  sufiQcient.  Such  surfaces  should  be  compared 
with  standard  surfaces  called  surface  plates,  Fig,  40.  A  surface 
plate  is  a  cast-iron  plate  strongly  ribbed  on  the  back  to  prevent 
distortion,  and  supported  on  three  points  to  insure  fi  unifiirm 
base.  The  production  and  use  will  be  described  under  tlie  head 
of  "  Scraping,"  They  may  l>e  had  in  sizes  vaiying  from  3  inches 
by  4  inches  to  36  inches  by  72  inches. 
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The  machinist's  bench  at  which  hand  work  is  ordinarily  per- 
formed should  be  of  substantial  character,  about  two  feet  ten  inches 
from  the  floor  and  two  feet  six  inches  wide  (see  Fig.  41).  For  the 
sake  of  economy  it  is  usual  to  have  a  two  and  one-half  or  three 

inch  plank  at  the  front  to 
which  the  vises  are  fast- 
ened and  on  which  all  the 
heavy  work  is  done,  while 
the  rear  of  the  bench  is 
made  from  one-inch  stu£F. 
Maple  and  birch  are  pre- 
ferred as  materials  for  a 
bench,  although  ash  makes 
a  very  good  substitute. 

In  order  that  work 
may  be  held  rigidly  for  the 
performance  of  hand  operar 
tions,  the  machinist  uses 
what  is  termed  a  me. 
They  are  made  in  a  great 
variety  of  forms  and  sizes, 
but  all  consist  essentially 
of  a  fixed  jaw,  a  movable 
jaw,  a  screw,  a  nut  fast- 
ened to  the  fixed  jaw,  and  a  handle  by  which  the  screw  is  turned 
in  the  nut  and  the  movable  jaw  brought  into  position.  The 
sectional  view.  Fig.  42,  shows  these  parts  clearly  and  also  a  device, 
present  in  some  form  in  all  vises,  by  which  the  movable  jaw  is  sepa- 
rated from  the  fixed  jaw  when  the  screw  is  backed  out  in  the  nut. 
In  the  machinist's  vise,  both  jaws  are  made  of  cast  iron  with 
removable  faces  of  cast  steel.  These  may  be  checkered  to  provide 
a  firm  grip  for  heavy  work,  or  may  be  smooth  to  avoid  the  mark- 
ing the  surface  of  the  plate  operated  upon.  When  holding  soft 
metal,  even  the  smooth  steel  jaws  would  mar  the  surface ;  and  in 
such  cases  it  is  customary  to  use  false  jaws  of  brass  or  Babbitt 
metal,  or  to  fasten  leather  or  paper  directly  to  the  steel  jaws. 
The  screw  and  handle  are  made  from  steel  and  the  nut  from 
malleable  iron. 


Fig.  41. 
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The  cotnmoii  iiietliod  of  fastening  a  viae  tu  ttie  bench  is  by  J 
means  of  the  fixed  biise  sbown  iu  Fig.  42,  ftltlioiigli  ii  swivel  base  1 
sucli  na  is  shown  in  Fig.  43  is  [Hvferable.  The  vise  shown  in  I 
[''ig,  43  biva  it  swivel  jaw  alwii  wliicb  enatile»  it  lo  hnkl  hiiierecl  J 
work  Beciii'ely.  This  swivel  jiiw  is  pi-nvidod  witli  a  Im-king-pin  I 
which  fixes  the  jnws  in  a  ^niUcl  posidoa.     Ttie  height  of  lite  I 


Pig.  43. 


vise  from  the  floor  depends  somewhat  on  the  class  of  work  to  be 
performed,  but  a  genenil  rule  is  to  have  the  top  of  tlie  jaws  about   i 
one  find  one-half  inches  ttelow  the  point  of  the  elbow  when  stand- 
ing erect  beside  the  vise. 


CUTTING   TOOLS. 


^  Tlie  simplest  form  of  metal-cutting  Ux»l  is  the  chisel.     The  ' 

H  seviml  ty[)tis  in   common  use  are  shown  in  Fig.  44.     The  flat 

^P  chisel  is  used  for  snaking  castings,  for  chipping  surfaces  having 

H  less  widtli  than  the  edge  of  the  chisel,  and  for  all  general  cliip- 

^P  pi"g  operations.     It  is  the  form    most  commonly  used,  and   i 

V  often  called  tbo  cold  cliisel.     Generally  it  has  a.  uutUiig  ' 
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alxiat  aa  eighth  of  tui  inch  wider  than  the  Btock  from  which  it  is 
forged.  The  cape  chisel  is  used  for  cutting  key  ways,  chauiieU, 
vU.\,  utiil  alito  for  bretikiiig  up  surfiices  Um  wide  tu  chip  with  the 
flat  chisel  nlune.  Chmiiiels  u.^e  diiveii  ticrosa  such  ii  surface, 
leaving  raised  portions  or  "  htnds "  to  Ite  removed  hy  the  flat 
chisel.  The  cutting  edge  of  this  chisel  is  usually  one-eighth  of 
an  inch  nan-ower  fhan  the  sliank,  and  the  part  just  in  the  R-ar  of 
the  cutting  edge  is  made  thin  enough  tfi  avoid  binding  ill  the 


Fig.   43. 

slot.     As  this  weakens  the  chisel,  it  is  made  comparatively  thick 
in  the  plane  at  right  angles  to  the  cutting  edge. 

The  diamond  point  chisel  is  made  hy  drawing  out  the  end 
of  the  Bti>c.k  b>  about  -^^  iuoh  square,  and  grinding  the  ciid  at  un 
angle  with  the  axis  of  the  chisel,  leaving  a  dianiond-shai>ed  jNiint. 
It  is  used  for  diuwing  holes,  making  oil  grooves,  luid  cutting 
hitlcH  in  flat  plates. 

Till:  small  round-nosed  rlii.sel   i>  'vlinilriiMl   in  f.L'i'tii>n  upiir 

the  cutting  end,  the  edge  Ijeiug  ground  at  an  angle  of  60'-'  with 

the  axis  of  the  chisel,     "When,  used  to  "dniw"  tlie  starting  of 

lied  holes  to  bring  them  couuentric  with  the   diillhig  i-ii-cles 

hey    are    called   center  chisels.       This   furni   is   also   used     fo 
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cutting  channel .  such  as  oil  gmoven  and  similar  work.  The 
Ini^er  si'^es  of  round-nosed  chisels  are  of  the  general  shape  of 
the  cape  chinel  with  one  edge  rounded,  making  a  convex  cutting 
f^ilge.  Liirge  round  bottomed  channels  and  all  concave  surfaces 
lire  the  proj>er  work  of  the  round-nosed  chisel. 

All  the  jceompanyiiig  forms  should  be  made  from  a  good 
gnide  o£  tool  steel,  carefully  forged,  hardened,  nnd  tempered  lo 
11  purple  color.  'I'he  stock  generally  used  is  octagoniil,  and  ttie 
chisels  tov  heavy  work  are  about  eight  inches  long  and  three- 
(luarters  of  an  ii)di  in  diameter. 


Oi    ii    00    i 


Tlio  two  lievflH  fomiii.g  the  cutting  edge  of  a  chisel  should 
iiiiiki'  with  each  other  as  small  an  angle  as  is  jHissible  without 
JiMvinfj  the  cutting  edge  weak.  If  the  angle  is  too  small,  the 
I  liiscl  will  soon  iM-conie  dull,  while  if  laige,  more  force  will  be 
ii'f|iiiMHl  til  drive  it.  Tlie  Iiest  angle  for  cutting  cast  iron,  all 
tliiiijjs  ((insiileii'd.  i.s  about  70°,  while  for  wrought  iron  and  mild 
sti-i'l  ;i  slightly  smalldr  angle,  say  liO",  will  Ije  better.  When  there 
iuv  two  bevels,  they  should  \te  alike  in  width,  and  form  equal 
iiiigli-s  wiili  the  centfir  line  of  the  chisel.  Small  round-nosed 
elilsels  iiikI  some  .slotting  chisels  are  ground  one-sided,  that  ia, 
Willi  but  one  Ixnel  like  a  wood  chi.sel.  The  angle  between  the 
siiifuces  M liicb  form  tlie  cutting  edge  should  be  the  same,  whether 
these  surfaces  am  hotb  levels,  or  one  a  bevel  and  the  other  the 
straight  side  of  the  chisel.  In  a  one-sided  chisel,  therefore,  the 
aiifjle  that  the  Ijevel  forms  with  the  center  line  of  the  chisel 
should  \>G  twiee  as  large  as  in  one  having  two  bevels. 

'■'o  cut  well,  chisels  should  be  sharp,  and  therefore  should. 
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be  groiiiul  iit  once  when  tliey  bei^ome  dull.  This  may  ho  doae  on 
an  emery  or  carborundum  wheel,  not  liner  than  No.  60,  care 
heing  taken  to  avoid  heating,  which  draws  the  temper,  and 
spoils  tlie  tool. 

Chipping  is  a  term  Hpplied  to  the  removal  of  mtt4tl  with  the 
cold  chisel  iiml  hammer.  The  degree  of  accumey  required  varies. 
The  piece  is  held  !n  ii  vise,  nml  tfie  metliod  of  working  is  to  grasp 
the  chisel  firmly  with  tlie  left 
hand,  holding  the  cutting  edge 
to  the  work,  and  striking  the 
head  of  tlie  chisel  with  the 
hummer,  keeping  the  eyes  on 
the  edge  of  tlie  chisel  to  wat«h 
tlio  pmgresa  of  the  work  (see 
Fig.  45).  The  lower  side  or 
lievel  of  tlie  chisel  is  tlie  guid- 
ing HUrfaee,  and  is  iield  at  a 
very  slight  angle  witli  the  fin- 
ished portion  of  tiie  work,  the 
cutting  edge  only  touching. 
Raising  or  lowering  the  shank 
of  the  chisel  increases  or  de- 
creases the  inclination  of  the 
guiding  bevel,  and  causes  the 
chisel  to  take  a  heavier  or  lighter 
cut.  If  tlie  hand  is  carried  too 
low, the  chisel  will  run  out  before  the  end  of  tlie  cut;  while  if 
the  Iiand  is  raised  too  high,  the  progress  wilt  be  slow,  owing  to  the 
resistance  offered  by  the  metal  to  separation.  The  depth  of  tlie 
cut  taken  with  a  cold  chisel  should  never  be  more  than  an  eightli 
of  an  inch. 

When  chipping  wrought  iron  or  steel,  a  piece  of  waste  aatu- 
mted  with  oil  should  be  kept  on  the  bench,  and  the  edjje  of  the 
chisel  frequently  thrust  int«  it.  This  lubricates  the  surfaces  in 
contact  and  presei-ves  the  cutting  edge  of  the  chisel.  While  lines 
are  used  as  guides  in  chipping  operations,  it  is  never  advisable  to 
bring  the  surfaces  too  near  tJiem  with  the  chisel ;  sufficient  stock 
must  W-  li'ft  so  that  the  surfaces  may  l>e  linislied  with  a  file.     This 
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is  especially  to  be  observed  in  chipping  key  ways  with  a  cape  chisel ; 
an  ample  margin  for  filing  should  be  left,  both  on  the  sides  and 
on  tiie  bottom. 

Tlie  file  differs  from  the  chisel  in  having  a  large  number  of 
cutting  points  instead  of  one  cutting  edge,  and  in  being  driven 


A 


Fig.  46. 

directly  by  the  hand  instead  of  by  the  hammer.  As  hand  power 
only  is  used,  it  is  evident  that  the  amount  of  metal  removed  at 
one  stroke  will  be  small,  and  the  amount  removed  by  a  single 
tooth  will  be  exceedingly  small. 

Files  are  made  from  cast  or  crucible  steel,  and  in  manufac- 
ture pass  through  the  successive  processes  of  forging,  annealing, 
grinding,  cutting,  hardening,  and  tempering.  They  have  three 
distinguishing  features,  viz.,  length,  kind  or  name,  and   cut  or 


^ 
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Fig.  47. 

coarseness  of  teeth.  Length  is  measured  from  the  heel  A  to  the 
point  B,  Fig.  46  ;  the  tang  C  not  being  included.  These  lengths 
vary  from  three  inches  to  twenty  mches. 

There  are  many  kinds  manufactured,  those  in  common  use 
lx?ing  the  flat  (A),  hand  (B),  warding  (C),  square  (D),  three 
s(juare  or  triangular  (E),  half  round  (F^,  and  round  (G),  sections 
of  wliioh  are  shown  in  Fig.  47. 

'I1u'  cut  of  liles  is  in  two  styles,  single  and  double  ;  and  each 
su  le  lias  several  tirades  of  coarseness,  viz.,  coarse,  bsistard,  second- 


Fig.  48. 


I 


out,  smooth,  aad  dead  Hmooth.  Tlie  last  two  grades  iire  some- 
times called  line  and  sujwrfine.  As  is  shown  in  Fig.  4fi,  the 
coarseness  of  each  stjle  varies  with  the  lengtli  —  the  lunger  the 
file  the  coiH-ser  the  cut 

If  the  cutting  Burface  of  a  file  were  [lerfectly  flat,  tlic  num- 
ber of  teeth  or  cutting  jmints  engaged  witli  tlie  work  wunld 
depend  im  the  width  of  the  file  luid  tlie  widtli  of  tlie  piece  hpiug 
filetl.  To  force  as  many  cut- 
t  g  [Kiiiits  iis  would  Ih.-  con- 
U  ed  in  such  a  laigtt  area 
leeply  enough  into  the  metal 
to  enahle  each  to  i-einovo  ita 
share  of  tJie  slock,  would  Ijg 
beyond  Uie  [(ower  of  the  man 
pushing  (he  file.  To  avoiil  tliis  necessity  for  great  pressure,  files 
are  usually  "bellied"  or  made  slightly  convex  in  tlie  direction 
of  their  length,  so  that,  theoretically,  the  file  and  the  work  are 
in  contact  only  on  a  line  as  long  as  the  width  of  the  file.  This 
enables  the  file  to  be  forced  into  tlie  metal  sufficiently  for  tlie 
teeth  to  bile,  and  tlius  avoids  dulling  the  teeth,  which  always 
occurs  when  the  tile  is  allowed  to  glide  over  tlie  work  without 
Buffieieut  cutting. 

This  convexity  of  files  alsoeerves  another  purpose.  The  [mbb- 
Bure  applied  to  the  file  to  make  it  hite  bends  the  file  more  or  less 
(see  Fig.  49),  and  if  the  file  iii  its  natural  state  were  perfectly 
flat,  when  cutting  it  wonld  he  concave  ;  and  this  would  prevent 
the  production  of  a  flat  surface.  It  would  cut  away  at  the  edges 
of  the  work  and  leave  a  convex  surface.  Such  files  might,  how- 
ever, he  used  on  convex  surfaces. 

Work  for  filing  is  usually  held  in  a  vise  such  as  has  already 
been  described,  and  under  oi-dinary  circumstances  the  surface  of 
tlie  work  should  Ite  about  tlie  heiglit  of  the  elbow.  For  fine  work 
with  small  files,  where  close  observation  is  of  more  imixirtance 
than  presBui'e  on  tlie  file,  the  work  should  he  higher  than  [his,  the 
height  increasing  with  the  refinement  of  the  work.  On  the  other 
hand,  for  very  lienvy  filing,  where  great  priissnre  is  alwolutidy 
necessary,  the  work  should  Iw  sevcnd  inches  l>elow  the  point  of 
■■^he  elbow,  so  that  the  weight  nf   thu  body  may  be  used  to  good 
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advantage,  and  also  because  the  workman  naturally  stoops  a  little 
when  exerting  great  pressure  on  the  file. 

The  handles  commonly  attached  to  files  are  made  of  wood 
and  are  niade  to  fit  tlie  hollow  of  the  hand.  They  are  driven  onto 
the  tang  of  the  file  ;  a  ferrule  on  the  handle  preventing  it  from 
splitting.  Care  should  he  taken  to  have  the  axis  of  the  handle 
parallel  witli  the  file.  A  good  way  to  prepare  the  handle  for  the 
tang  is  to  heat  tlm  tang  to  a  dull  red,  the  file  projier  being  kept 
cool  l»y  a  piece  of  wet  waste,  and  the  hole  in  the  handle  burned 


out  until  the  tang  is  almost  in  tlie  position  it  is  designed  to 
filially  occupy.  After  cooluig  the  tang,  very  little  drivuig  will  be 
required  to  securely  fasten  the  handle  to  tlie  file. 

When  filing  surfaces  of  such  size  that  the  handle  ae  ordina- 
rily applied  would  interfere  witli  the  use  of  tlie  file,  the  tang  may 
he  bent  up  to  an  angle  so  that  the  handle  will  clear  the  surface. 
\''arious  forms  of  holders  ai-e  used  for  filing  under  these  ciroum- 
stuntes ;  the  simplest  fonns  l)eing  shown  in  Fig.  50. 

The  correct  position  for  liiing  is  about  as  follows:  feet  about 
eight  inches  apart  and  at  right  angles,  tlie  left  foot  being  in  line 
Mith  the  file  ;  stand  Ijack  from  the  vise  so  that  the  body  may  fol- 
low ihc  lilc  slightly;  grasp  the  file  handle  witli  the  right  hand, 
iingeiTs  below,  thumb  on  top  of  tlie  handle;  for  coarse  liiing,  place 
the  ball  of  tlie  thumb  of  the  left  hand  on  the  point  of  the  file  ;  for 
fine  tiling  gniMp  the  point  of  the  file  mth  the  thumb  and  fore- 
fingiT  of  tlif  lift  hand.  See  Fig.  61.  When  holding  the  file  in 
oiif  liani.1,  its  is  often  done  in  liglit  work,  the  forefinger  should  be 
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on  top  of  the  file  pointing  in  the  direction  of  its  lengtli,  as  is 
uhcnvii  in  Fig.  52.  This  wllows  free  nitiveuieut  of  the  hand  and 
wrbt,  pressure  Iteing  applieil  principally  by  the  forefinger. 

As  file  t:*:eth  or  cutting  edges  point  towanl  the  end  of  the 
file,  it  is  evident  that  the  file  can  cut  only  when  luoving  in  i»  for- 
ward direction.  On  the  return  stroke,  the  pressm-e  should  lie  r»v 
lieved;  otherwise  the  teeth  will  be  dulled  when  drawn  back  over 
the  surface. 

'Die  kind  of  nietai  being  worked  deterniineB  in  a  great  nie»H- 
uro  the  character  of  the  file  U)  be  used.  Cast  iron,  especially  if 
the  scale  has  not  been  previously  removed,  is  particularly  hard  on  a 
new  file,  as  the  glassy  diameter  of  tlie  scale  tends  to  dull  the"  cut- 
ting edges.  New  files  should  never  be  used  on  such  a  surface. 
It  is  found  that  on  tool  steel,  and  bard  materials  generally,  a  eec- 
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Fig,   60. 

ond-cUt  file  is  better  than  the  bastard.  This  is  because  if  pressure 
enough  is  exerted  to  cause  the  coarse  teeth  of  the  bustard  to  bite 
into  the  work,  the  teetli,  being  comparatively  long,  are  very  likely 
to  be  hroken  off,.  In  the  second-cut  file,  the  teeth  ai-e  shorter  and 
present  more  cutting  points  in  a  given  area;  thus  preventing 
excessive  duty  being  imposed  on  a  few  teeth. 

Softer  metids,  such  as  brass  and  bronze,  ulluw  the  use  of 
the  coarser  grades. 

The  [Ntrticles  of  metal  removed  by  a  file  frequently  remain  in 
tilt'  trpl\i  and  diminish  tlieir  cutting  qualities.  In  the  case  of  hard 
mebds  llii'sc  jmitirlvs,  or  "i)ins,"  ofti-ii  wi'nit<'h  iho  work.  It  is 
aecessiiry,  therefore,  tliat  liK-s  l-e  frcqucnlly  i-!canc(h     Tliis  may 
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be  done  in  a  measure  by  striking  the  edge  of  the  file  lightly 
against  the  bench  or  vise,  but  it  is  more  effectually  performed  by 
using  a  stiff  brush  or  a  piece  of  card  clothing  (F^.  53).  In  the 
iinest  grades  o£  files,  a  tliin  piece  of  wood  or  sheet  brass  may  be 
drawn  across  the  surface  of  the  file  as  shown  in  Fig.  54,  and  the 
tiUngs  are  removed  by  the  points  extending  into  the  file  teeth. 

When  filing  cast  iron,  neither 
the  file  nor  the  work  should  be 
allowed  tn  l«come  greasy,  as  this 
tends  tn  make  the  file  slide  with- 
out cutting.  In  filing  steel,  how- 
ever, if  tlic  file  Ih)  oiled  or  filled 
with  chalk,  the  pinning  iif  the  file 
is  prevented  in  a  large  degree, 
and  fi«<iuent  use  of  the  card  or 
brush  is  not  necessary. 

What  is  known  as  drawfiling 
is  done  by  gnisping  tlie  file  at  each 
end  and  moving  it  sidewise  across 
the  work.  (See  Fig.  55.)  The 
amount  of  stock  removed  by  this 
process  is  usually  very  small,  the 
object  being  to  lay  tlie  file-marks 
parallel  to  the  length  of  tJie  work. 
Single-cut  files  are  better  than  double-cut  for  this  purpose,  being 
li:nn  likely  to  scnitch  the  work.  The  remarks  concerning  cleaning, 
oiling,  and  chalking  apply  Imth  to  cross-filing  and  draw-filing. 

No  matter  liow  carefully  filing  is  done,  it  does  not  leave  » 
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sTirface  that  is  pleasing  to  the  eye,  the  file-marks  are  more  or' 
hss  invguliir  and  the  whole  surface  is  dull.  Exposed  parts  of 
machitifs  wliich  are  not  painted  are  usually  polished.     Poliahing 
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does  not  improve  Uie  surface,  but  simply  brightens  it  imd  reiidere 
it  more  attractive.  As  a  laile,  a  polished  surface  is  ant  a  triie^ 
surface,  no  care  being  bikeu  to  mahitaiii  itH  truth.  In  ordiiiniy 
machine  work  polishing  is  usually  done  by  abrasives,  such  us 
etneiy,  corundum,  and  carborundum,  while  rouge,  crficus,  nitten- 
stone,  and  tripoli  are  used  on  fine  work,  especially  on  brass  and 


Fig.  53. 

composition.  Emery,  for  example,  is  cnished  and  sort^-d  into 
grades  varying  fif>m  No.  8  to  flour,  the  number  of  the  gmde 
indicating  the  numlter  of  meshes  per  inch  in  the  sieve  used  in 
sorting,  'lliese  gnules  sometimes  bear  arbitniiy  designations. 
No.  1  indicating  a  coarse  grade  and  No.  0,  00,  000,  0000  showing 
tlie  finer  grades.  These  powders  are  sometimes  mixed  with  oil 
and  applied  directly  to  the  work  by  wooden  blocks  or  clamps;  but 
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the  more  common  mellmd  is  to  use  wimt  is  known  !is  cnierv  cloth, 
the  gi-dins  being  glued  tu  :l  strong  t'lotJi  Ixickiiig,  'JJic  liner  grades 
are  used  on  paper  in  the  same  manner. 

Emery  cloth  is  used  in  many  ways;  it  may  lie  wrapped 
around  a  file;  folded  or  tat-ked  to  a  block  of  woihI;  glued  to 
wooden  sticks  about  15  inches  x  H  inches  x  J  ineli,  fastened 
around  rollers  for  internal  curves,  or  glued  to  wooden  or  steel 
disks  and  rotated  in  a  latbe  or  8i>ecial  machine.  In  all  cases  the 
object  is  to  grind  down  the  surface,  using  a  sufficient  number  of 
grades  of  cloth  to  produce  the  degree  of  polish  desired.     The 
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marks  are  laid  parallel  to  each  other,  making  what  is  known  as 
a  "grain."  When  the  process  is  to  be  carried  to  such  an  extent 
that  no  grain  is  to  be  visible,  the  finer  polishing  agents  are  used, 

<; 


Fig.  65. 

usually  applied  with  a  cloth  wheel  or  "  lap."    Old  cloth  does  finei 
work  than  new,  and  oil  on  tlie  cloth  will  make  a  finer  cut. 

Scraping^.  When  two  flat  or  curved  surfaces  ai-e  to  be 
worked  together,  and  complete  contact  over  tlie  whole  or  both 
is  desired,  they  are  scraped.  Scraping  removes  less  metal  tlian 
filing,  and  also  enables  tlie  workman  to  confine  the  removal  to 
limited  areas.  The  scraper  should  be  made  from  a  very  close- 
grained  tool  steel,  and  is  nearly  two  feet  long  exclusive  of  the 


Fig.  66. 

handle.  The  general  shape  is  shown  in  Fig.  5C}.  Hie  cutting 
edge  is  about  .j-%  of  an  inch  thick  and  1^  inches  wide.  Jt  is 
ground  on  an  emery  wheel  and  grindstone,  and  carefully  oilstoned, 
leaving  the  cutting  edge  as  straight  as  possible.  Scrapers  are 
sometimes  made  from  old  files,  the  teeth  being  ground  off  and  the 
end  drawn  out  wide  and  thin.  Sometimes  the  end  is  bent  at  right 
angles  to  the  shank,  as  shown  in  Fig.  57.  The  cutting  done  by 
scrapers  should  be  perfectly  smooth  and  free  from  scratches. 


3U 


43  MACHINE   SHOP   WORK. 

In  using  tJie  surface  plate  as  a  test  for  the  trutli  of  a  plaue, 

such  05  a  valve  or  its  seat,  the  plata  is  covered  with  a  very  thin 

r-  coating  of  red  lead  and  tlien  rubbed  over  the  valve  or  seat.     The 

f  tatter  should  Imve  previously  been  fiulsbed  as  smoothly  as  possible.   . 

■  The  spots  wliriT  tlie  red  lead  shows  cputt.L-t  iire  sf^mped  off,  and 
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the  process  continued  until  contact  over  the  entire  surface  is 
obtained.  During  the  hist  part  of  the  operation  alcohol  should  be 
used  instead  of  red  lead,  as  it  leaves  clean  bright  spots  to  indicate 
■where  the  scraper  must  lie  applied. 
Small  pieces  of  work  are  rubbed  over 
the  surface  plate,  and  in  any  case  care 
should  be  tsiken  to  distribute  the  wear 
uniformly  over  the  plate  in  order  to 
prolong  die  truth  of  the  plane.  The 
scraper  for  concave  surfaces,  such  as 

-^       ^* V,      bttxes,  is  of   the   genenil   shape  of  a 

' J     half-round  file  ■without  teeth.     In  such 

cases,  the  shaft  to  be  used  takes  the 
place  of  a  surface  plate.     The  method 
of  holding  and  using  such  a  scraper  is  shown  in  Fig.  58. 

Scraping  is  sometimes  done  as  a  matter  of  finish,  and  not  for 
tije  purpose  of  getting  an  accurate  surface.  Therefore,  a  scraped 
surface  does  not  always  indicate  accuracy.  Many  machine  parts 
ate  more  cheaply  finished  by  scraping  than  by  polishing. 


Fig.  68. 


DRILLS. 
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Drills  are  of  two  general  classes,  the  flat  and  the  twist     A 
flat  drill  of  a  common  type  is  shown  in  Fig.  59.     The  angle  be- 
the  two  cutting  edges  should  be  about  110°.     These  drills 
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are  usually  ininle  fi-oiii  rDiiiid  t<iol  steel  drawn  out  wide  and  thin, 
asuhown;  the  iiiKh-esMi^d  end  being  used  fur  holding.  Tlie  flat 
drill  is  uaunlly  iiiiide  in  the  shop  where  it  is  to  Iw  used.  Its  low 
first  cost  is  the  principtil  reason  for  its  existence- 
Flat  drills  made  from  thin  flat  stock  are  used  in  counecldon 
with  s  slotted  rest  to  start  and  drill  holes  in  the  lathe  without 


previous  centering.     They  are  called  chuck-diills.     The  end  of 

the  shiLiJt  of  tlie  drill  is  provided  with  a  center  hole  to  receive  the 
dead  center  of   the  muehine. 


Tlie  drill  and  rest  are  showQ 
in  Fig.  60. 

The    simplest    form    of 
twist  drill    is   cylindrical 

througliout  its  entire  length, 
as  shown  in  Fig.  61,  and  has 
two  spiral  Itutes  which  at 
the  end  serve  to  form  the 
eutting  lips,  and  which  &Ibu 
serve  to  carry  the  chips  from   the  hole. 


rEr-:m.— , 

I      ,4-.l.„ 

ng.  eo. 


Tbe  included  angle  uf 
the  lips  is  US'.  Tliia  form  of  drill  will  work  more  accnrately 
than  the  Hal  drill,  as  tlie  cylindrical  portion  aerves  as  a  guide 
to  keep  the  cutting  lips  in  their  proper  position.  The  edge  being 
somewhat    hooking,   removes    the   metal    by   a   cutting    instead 
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of  a  Bcraping  action  as  iu  the  flat  diilL  This  f  onn  of  drill  cannot 
only  be  fed  faster,  but  can  be  f oiced  into  the  work  with  less  power, 
as  it  has  a  tendency,  especially  noticeable  in  soft  metals,  to  feed 
itself  into  the  work.    Straight  shank  twist  drills  are  made  from 
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•0186  inch  to  2i  inches  in  diameter ;  tiie  smaller  sizes  are  sold  in 
sets  designated  by  numbers  (1  to  80),  letters  (A  to  Z)  or 
fractional  sizes  (i  inch  to  -^  inch). 

The  taper^hank  twitt  drill  is  shown  in  Fig.  62.  It  consists 
fif  a  body  A,  which  is  fluted  and  (Toes  the  actual  work,  and  a  taper 
shank  B,  by  which  it  is  held.  This  taper  fits  accurately  into  the 
spindle  or  chuck  of  the  drill  press.  At  the  end  there  is  a  tongue 
C,  which  slips  into  the  key  way  in  the  spindle  or  chuck.    As  tide 


Fig.  02. 

surface  is  flat,  it  serves  as  a  bearing  by  which  the  drill  is  driven. 
This  relieves  the  tapered  portion  from  the  sti-ess  of  driving  by 
frictional  resistance  alone.  For  small  drills  this  frictional  resist- 
ance is  sufficient,  but  for  larger  sizes  it  will  not  do  at  all.  If  for 
any  reason  the  tongue  should  become  broken,  no  dependence 
should  be  placed  upon  tlie  frictional  resistance  of  the  taper  shank 
to  drive  the  drill.  The  drill  wall  slip  and  wear  the  socket,  which 
will  l)ecome  enlarged  and  make  a  misfit  for  other  drills 

The  standard  taper  for  drill  shanks  may  be  considered  to  be 
what  is  known  as  the  Morse.  This  taper  is  |  inch  to  the  foot. 
Tliere  is  another  known  as  the  Brown  &  Shari)e  or  Jarno  which 
has  a  taixM*  of  '^^J  inch  to  the  foot.  No  attempt  should  be  made  to 
run  the  drills  of  one  tafHM'  in  the  sockets  of  the  other. 

A  flat  taper  key,  introduced  into  the  key  way,  engages  the 
end  of  the  tt)ngue  and  serves  to  i*emove  the  drill  from  the  spindle. 
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Drills  of  cylindrical  form  are  also  made  with  straight  flutes 
as  shown  in  Fig.  63.  They  are  used  for  drilling  soft  metals,  such 
as  brass,  especially  when  the  drill  parses  entirely  through  the 
piece.  As  it  breaks  through  the  metal,  a  drill  witti  spiral  flutes 
tends  to  draw  itself  through  rapidly,  as  if  it  were  a  screw  wort- 

Fig.  (UJ. 

ing  in  a  nut.  This  may  break  the  drill  or  move  the  work  from 
])osition.  Straight  flutes  give  the  same  cutting  action  as  a  flat 
drill  and  avoid  this  tendency  to  draw. 

Lubrication  of  Drills.  When  drilling  tough  metals  such  as 
steel,  wrought  and  malleable  iron,  heat  is  generated  by  the  bending 
or  changing  of  the  form  of  the  metal  being  removed  and  by  friction 
caused  by  the  chips  moving  over  the  lips  of  the  drill.  The  heat- 
ing is  similar  to  the  heating  of  a  piece  of  wire  bent  quickly  back 
and  forth.  As  there  is  danger  of  heating  the  drill  to  a  tempera- 
ture that  will  draw  the  temper  and  soften  the  drill,  plenty  of  lard 


Fig.  04. 

oil,  or  a  mixture  of  potash  and  water,  should  be  used.  This  is 
not  so  much  for  lubrication  as  to  remove  the  heat. 

Copper  is  the  most  difficult  to  drill  of  all  the  common  metals 
on  account  of  its  extreme  toughness ;  then,  too,  copper  heats  to  a 
higher  temperature  on  account  of  its  low  specific  heat.  Brass 
does  not  require  the  use  of  oil,  and  cast  iron  must  always  be 
drilled  dry.  Particular  attention  is  called  to  this  precaution  re- 
garding cast  iron. 

As  the  heat  is  produced  at  the  point  of  the  drill,  it  is  desira- 
ble, particularly  in  tlie  case  of  deep  holes,  that  the  oil  be  applied 
directly  at  the  drill  point.  For  this  purpose,  oil-tube  drills,  such 
as  is  shown  in  Fig.  64,  are  used. 

The  oil  is  supplied  under  pressure,  and  not  only  removes  the 
heat,  but  also  carries  away  the  chips. 


315 


ItAClUKE  SHOf  WOB£. 


Speed  of  Drills.  The  speed  at  which  diilla  tihould  be  rotated 
depends  on  the  diameter  of  the  drill  and  the  material  opeiated 
QpUL  No  afafloluta  role  can  be  given  for  auj  one  metaL  or  diam- 
eter of  drill,  beoanee  of  the  Tariation  in  haidness  and  tenacity  of 
Osa  material  and  the  condition  of  the  cutting  edge  of  the  diilL 
The  following  table  of  levolutioiis  per  minute,  given  by  tbe 
Cleveland  Twist  Drill  Co.,  is  based  on  a  peripheral  speed  of  80 
feet  a  minute  for  mild  steel,  85  feet  per  minute  for  iron,  and  60 
feet  per  minnte  for  Inass. 


Vig  e& 


Fig.  66. 


The  rate  of  feed  also  depends  on  the  drill  diameter  and  the 
material.  Tlie  above  mentioned  authority  gives,  as  a  maximum, 
one  inch  of  feed  for  95  to  125  revolutions. 

OrindinE  Drills.  Great  care  should  be  exercised  in  the  grind- 
ing of  drills.  The  end  of  a  drill  should  be  symmetrical ;  that  is,  the 
lips  should  be  of  the  same  length,  and  form  the  same  angle  with 
tlie  axis.  If  the  lips  are  of  unequal  length,  the  bole  will  be  larger 
than  tlio  drill,  as  is  sliouii  in  Fig.  G.'>.  The  point  is  not  in  the 
axis,  find  the  hole  will  nut  only  Ite  large  but  also  will  not  be 
pamllel  to  the  drill  spiniUe.  If  the  lips  do  not  fonn  equal  angles 
with  the  jixis,  all  the  cntting  will  devolve  upon  the  one  making 
the  greater  angle  as  shown  in  Fig.  C6.  Such  a  drill  will  not  cut 
ae  fast  as,  and  will  become  dull  sooner  than,  one  which  is  properly- 
ground. 


i 

i  \w7 

r 

^^^^^^^^^k                                              MOTOR-DRIVEN 

1 

k 


i 


MACHINE   SHOP   WORK. 


47 


Hand-grinding,  especially  of  twist  drills,  is  neither  accurate 
nor  satisfactory ;  it  is  much  better  to  do  such  work  on  a  regular 
drill  grinder  built  especially  for  the  purpose. 


SPEED  OF  DRILLS. 


Diameter 
OF  Drill. 

Sfeku  for  Soft 

Stkf.1,  OB  Wbocgiit 

Iron. 

Spkbd  for  Cast 
Iron. 

Speed  for  Bbau. 

1 
Tff 

i 
i 

« 

U 
1 
« 

i 

1 

li 

lt\r 

V. 

iiV 
U 
1^ 
If 

m 
ij 

ij 

Hi 

2 

1824 

912 

608 

456 

365 

304 

260 

228 

203 

182 

166 

152 

140 

130 

122 

114 

108 

102 

% 

91 

87 

83 

80 

76 

73 

70 

68 

65 

63 

60 

59 

57 

2128 

1064 

710 

532 

425 

355 

304 

266 

236 

213 

194 

177 

164 

152 

142 

133 

126 

118 

112 

106 

101 

97 

93 

89 

85 

82 

79 

76 

73 

71 

69 

67 

3648 
1824 
1216 
912 
730 
608 
520 
456 
405 
365 
332 
304 
280 
260 
243 
228 
216 
203 
192 
182 
174 
165 
159 
152 
145 
140 
135 
130 
125 
122 
118 
114 

While  grinding,  care  must  always  be  exercised  that  the  cut- 
ting edge  is  not  overheated  on  the  stone  or  emery  wheel.  If  it  is 
overheated,  the  temper  will  be  drawn  and  the  driU  become  too 
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soft  to  properly  do  its  work.  'Die  angle  between  tlie  front  face  of 
the  drill  ami  the  Iinttom  of  the  lip  nmy  be  from  70  to  80  degrees. 
This  will  j^ve  ample  elearaiice  for  tlie  bottom  of  tlie  drill  and 
leave  sulHcieut  metal  to  support  the  cutting  edge. 


It  is  difficult,  if  not  quite  impossible,  to  drill  a  hole  to  an 
exact  nominal  diameter.     For  moat  work,  a  vnriatiou  of   a  few 
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hundredths  of  an  inch  fmm  the  nominal  diameter  is  of  no  ac- 
count. Where  greater  accuracy  is  requiitd  the  holes  are  reamed  j 
that  is  to  say,  the  hole  is  first  drilled  somewhat  smaller  tlian  it  is 
desired,  and  is  then  i-eamed  out  to  the  proper  size  with  a  reamer. 
Holes  drilled  witli  the  flat  chuck  drill  mentioned  above  are 
usually  -j'j  inch  under  the  finish  size.  A  flat  chuck  reamer.  Fig. 
67,  is  used  to  enlaige  the  hole  to  within  about  .005  inch  of  tfae 
true  size.    This  reamer  is  centered  on  both  ends  and  turned  to  size. 


The  entering  rod,  whiuli  iloes  the  outling,  is  given  a  short,  sharp 
taper,  while  the  straight  portion  serves  as  a  guide  to  keep  the  tool 
in  position.  By  this  means  the  drilled  hole  is  straiglitened  and 
brouglit  close  to  size. 

To  give  (he  liole  a  smooth  surface  and  correct  diameter,  a 
fluted  reamer  (of  which  there  are  various  forms)  is  used.  Thia 
tool  is  not  inten<leil   to  remove  laige  amounts  of  metal,  but  serves 
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only  to  increase  the  size  of  a  hole  by  a  small  fraction  of  an  inch 
up  to  the  diameter  required.  The  hole  should  not  be  more  than 
^^  inch  smaller  than  the  reamer;  this  will  leave  yj^ inch  on  each 
side  for  the  reamer  to  cut.  If  possible,  it  will  be  better  to  drill 
the  hole  even  nearer  than  this  to  the  required  diameter. 

It  is  evident  that  if  the  reamer  were  to  be  made  of  the  same 
diameter  throughout  its  whole  length,  it  would  be  very  difficult 


¥\g.  69. 


Fig.  70. 


to  make  it  enter  the  hole.  In  order  to  facilitate  this,  it  is  usually 
made  slightly  tapering,  for  a  distance  from  the  entering  end, 
equal  to  about  one  diameter. 

One  fonn  of  reamer  has  a  shallow  screw  thread  cut  at  the 
entering  end.  This  thi-ead  takes  hold  of  the  metal  and  draws 
down  into  the  work.  When  using  a  reamer,  it  is  always  well  to 
pass  the  entire  tool  through  the  hole.     The  leading  end  is  sub- 
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Fig.  71. 

jected  to  the  greatest  amount  of  wear  because  it  does  the  greatest 
amount  of  work.  If,  therefore,  only  the  leading  end  is  put  through, 
the  hole  will  not  be  of  a  uniform  diameter  throughout.  Oil  should 
always  be  used  on  reamers  when  they  are  working  in  wrought 
iron  or  steel. 

The  hand  reamer,  Fig.  68,  is  the  typical  form,  and  one  which 
can  iHi  used  in  many  cases  in  place  of  special  forms.  Fig.  69  is 
better  adapted  for  use  in  the  lathe  than  the  hand  reamer.  This 
may  follow  the  fiat  chuck  reamer  to  finally  finish  a  hole. 
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In  reaming  cored  boles,  the  cyliadrical  chuck  reamer,  some- 
times called  the  roughing  reamer,  is  often  used.  It  is  made  either 
rose.  Fig,  70,  fluted,  or  with  three  spiral  flutes,  Fig.  71,  and  gene- 
rally have  solid  shanks.  The  last-named  style  will  finish  veiy 
smooth  and  close  to  size  when  started  true  by  preliminaiy  Ijoring. 

A  solid  reamer  cannot  be  sharpened  witliout  reducing  its  di- 
ameter ;  therefore,  it  must  l^e  used  carefully  in  order  to  prolong 


Fig.  72. 


its  life.     Keamers  with  adjusUble  blades  meet  this  objection,  but 
cost  much  more  than  the  solid  form.     An  expanding  reamer.  Pig. 
72,  can  be  alightly  enlarged  to  compensate  for  grinding,  and  is  then  - 
used  as  a  solid  reamer.     Fig.  73  shows  an  adjustable  reamer  witli 
inserted  teetli. 

Reamers  are  made  for  tapered  as  well  as  for  straight  holes. 
Hie  angle  varies  with  the  intended  use  of  the  tajter;  for  example. 


Fig.  78. 

the  locomotive  taper  of  -^  inch  per  foot  is  intended  for  bolt  hole' 
iriiere  plates  are  to  be  drawn  solidly  together  and  tiie  holes  com- 
pletely filled.  It  is  very  difficult  to  remove  a  bolt  from  ii  hole^ 
witli  such  a  slight  taper.     When  pieces  are  pinned  together,  such 
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as  a  hub  to  a  shaft,  it  is  intended  that  they  can  be  separated  when 
desired,  so  the  taper  is  made  steeper,  generally  i  inch  per  foot.  This 
has  come  to  be  known  as  the  pin  taper.  Taper  holes  for  holding 
lathe  centers  and  taper  shank  twist  drills  are  generally  made  i  inch 
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per  foot  C^h$  Morse  taper^  This  angle  holds  the  tool  firmly,  and 
still  it  can  be  easily  removed.  The  three  tapers  mentioned  are 
recognized  as  standard,  and  reamers  for  them  are  carried  in  stock. 
Of  course  many  other  tapers  are  used  by  different  manufacturers, 
but  thQy  are  regarded  as  special.     Fig  74  shows  taper  reamers. 

Taper  reamers  differ  from  hand  reamers  only  in  the  angle  and 
by  not  requiring  the  tapered  entering  end. 

Holes  to  be  reamed  by  taper  reamers  must  be  slightly  laiger 
than  the  small  end  of  the 
reamer;  and,  if  the  hole  is 
deep,  it  is  usual  to  make  a 
stepped  hole,  shown  exagger- 
ated in  Fig.  75,  by  using  drills 
of  different  diameters. 

When    not    carefully 
sharpened,  all  forms  of  ream-  *^'  ^^ 

ers  have  a  tendency  to  chatter 

and  produce  rough  surfaces.  To  avoid  this,  the  flutes  are  fre- 
(piently  irregularly  spaced;  another  .method  is  to  use  spiral 
flutes,  usually  left  hand. 


TAPS. 


When  internal  thread  cutting  is  done,  the  tool  is  called  a  tap. 
There  are  many  styles  of  taps  ;   the  names  in  some  cases  are  Bug>- 
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gested  from  the  shape,  but  more  often  from  &&  ase.  la  most 
macliiiie  shops  are  fouutl  the  following  fonna :  hand,  machine 
screw,  pipe,  pulley,  stay-bolt,  boiler,  and  tapper ;  of  these  the  band 
and  machine  screw  ai-e  the  most  common.  The  object  of  all  is  to 
make  spinil  grooves,  e«l]etl  thi-ejiils,  iu  holes,  so  that  they  may 
receive  and  hold  screws,  bolts,  studs,  etc. 

As  the  size  of  a  tap  is  tlie  diameter  outside  the  threads,  it  U 
I  evident  that  tlie  hole  drilled  for  tapping  must  be  smaller  than  tb« 
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tap  by  nearly,  if  not  quite,  twice  the  depth  of  the  thread.  The 
shape  of  the  thread  partly  determines  the  amount  to  he  subtracted 
from  a  tap  diameter.  There  are  now  recognized  as  standard, 
five  different  threads,  viz. :  sharp  or  V,  Franklhi  Institute  or  United 
States  standard,  Whitworth,  International  or  metric,  and  the  29" 
or  Acme.  These  shapes  will  be  described  and  compared  under 
Screw  Cutting.  The  following  table  shows  the  diameters  of  the 
holes  that  are  to  be  dnlh;d  fur  cutting  the  vnricms  sizes  of  the 
thi'e.ids  according  to  the  United  St:(tes  standard  and  tlie  oidinary 
'  V-thread. 
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Hand  tapa  are  most  coniuionly  used  in  shop  practice,  and  a 
description  of  tlie  operatioii  will  answer  for  all  styles.  Tliey  are 
usually  sold  in  sets  of  three, — taper,  plug,  and  bottoming.  See 
Fig.  76. 

Tlie  cutting  of  a  thread  with  a  tap  is  not  difficult,  but  requires 
care  in  the  manipulation.  The  tap  does  not  need  to  be  forced 
into  the  work,  since  the  thread  will  draw  it  forward.     The  taper- 
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ing  of  the  tap  has  a  two-fold  effect  No  one  thread  must  do  all 
of  the  work  In  the  removal  of  tlie  metal ;  each  succeeding  thread 
removes  a  siniiU  amount  until  the  full  thread  has  entered  the  hole. 
The  second  effect  is  thnt,  as  ui  the  cases  of  a  reamer,  the  tap  is 
easily  entered  and  started.  Care  must  always  be  exercised  at  this 
point  of  the  work.  The  taper  of  tlie  tap  allows  it  to  easily  enter 
the  hole,  and  also  makes  it  possible  for  it  to  enter  at  an  angle.     If 
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it  is  started  in  the  latter  conditioQ,  the  thread  will  luit  be  at  right  j 
,  ftiigles  to  Uie  eui-face.  llie  degi-ee  of  care  needed  in  Uie  starting  1 
■  «f  the  tap  depends  upon  the  job  that  is  to  be  done.  In  the  < 
F  cf  fcipping  H  nut,  it  will  usually  be  quite  euificient  to  set  the  tap  ■] 
rby  the  eye.  In  finer  classes  of  work,  however,  the  tap  Bhould  I 
I  be   set   mUi  a  square.     Start   the   tap   into  the  hole,  and  jiliice 

a  square  on  the  surface  beside  it  in  two  positions  at  right  angles  * 
I  to  each  other,  and  eee  that  the  tup  stands  parallel  to  the  vertical  . 
I  blade. 

When  holes  have  been  drilled  that  are  to  he  tapped,  a  good 
["*ay  of  setting  the  tap  is  to  put  a  center  in  the  drill  spiudle.     Put  i 
the  tap  into   the  hole,   and  bring  this  ' 
center  down  into  the  center  hole  in  the 
head  of   the  tap;    this  will  steady  tlio 
latter  niliile  it  is  being  started. 

In  using  the  tap,  it  is  well  to  work  I 
it  hack  and  forth.  This  allows  tlia 
chips  to  work  clearof  the  cutting  edges, 
and  the  oil  to  cover  them.  In  ease  of 
heavy  work,  it  is  jjossihlo  to  di-ive  the 
tap  with  the  drill  spindle,  hut  when 
thus  driving  a  tap  in  a  machine,  the 
backing  np  is  impossible. 

Sometimes  a  thi-ead  is  to  be  cut  down  to  the  bottom  of  a 
bole  that  does  not  pass  entirely  through  the  metal.  In  tliis  case 
the  bottoming  tap  is  used.  'Iliis  is  a  tap  that  is  not  tapered  at 
Ihe  entering  end.  The  method  of  working  is  to  fii-st  cut  the 
thread  as  far  as  possible  with  the  plug  tap,  and  tlien  use  the  hot-' 
toming  tup,  which  will  tlien  enter  easily  and  can  l>e  driven  to  the 
bottom. 

Machine  tapping  is  best  done  by  using  a  frictional  tap- 
holder;  that  is,  one  in  which  the  friction  is  enough  to  cut  the 
threads,  but  which  will  slip  when  the  tap  strikes  tlie  bottom  of 
the  hole.  This  will  insure  the  hole  being  fa])])ed  to  the  bot- 
tom, and  avoid  alJ  danger  of  breaking  the  tip.  To  wilhdraw  the 
tap,  the  macliine  is  reversed,  usually  at  a  higher  sj^^ed  than  used 
in  tapping. 

When  tapping  wrought  iron  and  steel,  a  plentiful  supply  of  - 
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oil   should   be  used.       On  bniss  the  use  of  oil   is  unnecessiiry, 
while  cast  iron  should  always  be  tapped  dry. 


DIES. 

Dies  are  used  for  cutting  threads  on  bolts  and  other  similar 
parts  to  be  placed  in  holes  which  have  been  threaded  by  taps. 


3 


I 


1 


Fig.  78. 

The  general  rules  given  for  the  use  of  taps  apply  to  dies.  As  the 
number  of  threads  in  a  die  is  much  less  than  on  a  tap,  and  be- 
cause the  chips  have  a  much  freer  exit,  it  is  not  as  necessary  to 
back  up  a  die  as  it  is  a  tap. 

Dies  for  small  work  are 
usually  made  solid,  as  shown 
in  Fig.  77,  and  often  have  a 
slight  adjustment  for  altering 
the  size.  They  cannot  be 
8hari)ened,  but  have  an  ad- 
vantage in  reauily  centering 
on  the  work.  As  the  full 
thread  is  cut  at  one  passage 
of  the  die,  it  takes  consider-  Fig,  79^ 

able  [)Ovvcr  to    oj^nite   solid 

dies  of  large  size.  For  tliis  reason,  hand-oi>e rated  solid  dies  are 
seldom  used  above  one-half  inch.     The  holder  or  die  stock  shown 
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in  Fig.  78  lias  &  guide  to  hold  tlie  work  at  right  angles  to  th«<J 
(lie,  but  die  stocks  ni-e  often  miide  without  this  conTemence. 

The   split   fnnn    of   die,  generally   known    as   Uie  jamlKlie^^ 
(shown  in   Kigi  79),  ciui   Iw  fiisily  Mhnrjuned,  Ims  nnliuiit«d  a^  \ 

jiiwtini'nt  fiir  size,  mid  I'nis  llu'  thvoml  hv  fMy  Ktjiges,  as  it  were,  \ 


It  is  made  in  sizes  up  to  two  inches,  and  is  for  hand  operation 
only.  Tlie  holder  for  this  form  of  die  is  called  a  screw  plate, 
Viff.  HO.     These  are  not  furnished  with  guides  for  the  work. 

Cutting  Pipe  Threads.      Another  common  fonn   of  thread 
cutting  is  that  on  wrought-iron  piiie.     The  pipe  thread  is  rounded 
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slightly  at  top  and  bottom,  and  is  made  tjii)ering  at  tlie  rate  of 
three-quarters  of  an  inch  per  foot.  Tlie  dies  are  usually  solid, 
square  in  form,  and  the   die  stocks  are  provided  with  a  ring. 


Fig.  80. 

which  fits  over  the  pipe  and  serves  to  hold  it  square  with  the  die. 
This  avoids  the  danger  of  cutting  the  thread  at  an  angle  with 
the  pipe  axis. 


FIff.  92. 


Comparatively  little  thread  cutting  is  done  by  hand.  A  large 
proportion  of  all  such  work  is  performed  on  bolt-cutters.  This 
is  ordinarily  the  roughest  and  cheapest  class  of  work,  and  the  lun- 
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niiig  of  the  bolt-cutter  is  usually  tlie    iirat  work  to  which   the 
apprentice  is  atisigued. 

Bolt-Cutter.  An  ordinary  t)pe  of  holt-cutter  is  shown  in 
Fig.  81.  Tlic  (lies  are  held  iu  tlie  head  A.  Iiistesid  of  being 
solid,  aa  in  Fig.  77,  they  are  made  in  Bections,  and  cau  be  opened 
or  closed  by  tlie  uioveuient  of  the  lever  li.  A  chuck,  C,  is  placed 
on  a  traveling  head,  and  tiiia  can  be  moved  back  and  forth  bj  the 
hand-wheel  D.  The  method  of  woiknig  is  very  simple.  The 
dies  in  the  head  are  closed  in  oitler  to  he  iu  the  \voiking  poBition. 
The  holt  to  be  cut  is  gripped  in  the  chuck  hy  turning  the  handle 
E,  and  forced  against  tlie  dies  by  the  handle  D.  As  soon  aa  the 
dies  have  taken  hold,  they  draw  the  holt  ahead,  When  a  aaffi- 
cient  length  of  thi«ad  has  been  cut,  tlie  dies  are  oj)ened  and  the 
b<iit  witlidrawn.  This  avoids  the  necessity  of  backing  out,  ad 
would  1)0  required  if  the  dios  were  solid.  While  the  thread  ia 
being  cut,  the  dies  are  kept  flooded  \vith  oil. 

Templets.  Where  the  same  piece  of  work  is  to  be  many 
times  repeated,  templets  ara  used.  This  method  avoids  tlie 
necessity  of  making  measurements  in  the  laying  out  of  the  work. 

The  viarHrig  templet  consists  of  a  piece  of  the  same  shape  as 
the  finished  article.  It  is  usually  laid  on  a  flat  surface,  and  held 
fast  by  iron  clamps  as  shown  in  Fig.  82.  The  outline  is  then 
marked  on  the  surface  mth  a  scriber,  and  sometimes  emphasized 
by  piick  punch  marks. 

The  filing  templet  is  of  the  same  character  as  the  one  just  d&. 
Bcribed,  but  it  is  hardened.     It  is  clamped  in  the  vise  with  the 
piece  to  he  shaped,  and  the  surface  liled  down  to  coincide  witli     . 
the  fotrn  of  the  templet. 

Where  holes  are  to  be  drilled  in  duplicate,  s  templet  known 
as  a  /£^  is  used.  These  jigs  are  made  so  that  they  fit  over  the  piece 
to  be  drilled^  and,  when  clamped  in  position,  indicate  the  location 
of  the  holes  by  means  of  hardened  steel  bushings  set  in  the 
templet. 

The  making  of  templets  and  jigs  is  one  of  the  iinest  branches 
of  the  maehinist's  work,  and  is  generally  classed  under  the  head 
01  tool  making.  The  rapid  and  economical  production  of  machine 
parts  in  quantity  depends  largely  on  the  tool  maker,  who  must, 
Cheiefote,  be  consideied  the  higliest  tjjio  of  machinist 
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THE  LATHE. 

Thr  lathe  is  one  of  the  most  ancient  of  tools,  and  ia  a  develop- 
ment of  the  potter's  wheel.  The  sfamlle  ia  horizontal  and  the 
work  is  revolved  while   the  cutting   tool  is  Btatianaiy.     In  its 
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viiriniia  fiirnis  iiiid  sizes  it  is  by  far  the  moat  important  tool  in  the 
machine  slinp.  It  is  huilt  in  a  wide  range  of  sizes  from  the  deli- 
<'jite  iiistrniiient  suitable  for  tJie  work  of  the  jeweler  to  the  great 
machine  capable  uf  tumiug  engine  shafts  for  the  largest  oceao 


steamships  or  the  rings  for  the  heavy  ordnaace  of  battleships  and  I 
fortdG  cations. 

Speed  Lathe.  The  smEill  lathe  used  in  the  macbiQe  shop  for 
the  operations  of  hand  turning,  filing,  and  pohshing  ia  called  the 
)mnd  or  speed  lathe,  Fig.  83.  This  tj'pe  driven  bj  foot  power  m 
in  great  favor  with  amateur  workmen.  While  hand  tumiug  in 
avoided  iis  niueh  as  posaihle,  it  cannot  l>e  wliolly  eliminated,  and  h 
brief  desciiptimi  of  llie  tools  used  and  the  oiiemtions  perfomietl 


Beenis  necessarj'. 
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Hound  Nose. 

FiR.  M. 

Tlie  tools  used  on  hniss  and  composition  cut  by  a  scraping 
action,  and  are  almost  always  held  at  or  below  the  center.  The 
three  tools  shown  in  Fig.  81  called  the  planisher,  graver,  and 
round  nose,  are  typical  of  alt  the  tools  necessary  for  turning  brass. 
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etc.  The  manner  of  holding  these  tools  in  connection  with  the 
T-rest  is  illustrated  by  the  planisher  in  Fig.  85.  Fig.  86  shows 
another  view  of  the  T-rest.  Typical  hand  tools  for  cutting  iron 
and  steel  arc  the  diamond  point  or  graver  and  the  round  nose, 


Fig.  86. 


Fig.  86. 


shown  in  Fig.  87.  They  are  used  differently  from  hand  tools  for 
brass,  in  that  the  cutting  edge  is  carried  above  the  center,  and 
the  metal  is  removed  by  cutting  instead  of  scraping.     The  graver 
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Fig.  87. 


frequently  takes  the  place  of  the  planisher,  for  it  can  be  used 
as  shown  in  Fig.  88,  either  on  the  outside  or  on  the  end  of  a  piece 
(»f  work.  I'lie  round  nose  is  used  solely  for  concave  surfaces, 
being  held  as  high  on  ^^''^  work  as  proper  cutting  will  allow ;  Fig. 
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89.  The  graver  can  be  used  on  brass  for  a  great  variety  of  openir 
tions ;  but  its  use,  except  in  the  hands  of  an  expert  workmant  is 
attended  with  danger  of  catching  in  the  soft  metal  and  thus 
breaking  the  tool  or  spoiling  the  work. 


Fig.  88. 

To  make  the  hand  latlie  more  rapd  and  certain  in  operation. 
It  is  frequently  provided  with  a  tool  holder,  called  the  slide  resti 
Fig.  90.  Tliis  holds  tlie  tool  rigidly  and  guides  it  mechanically, 
so  that  the  work  is  done  more  rapidly  than  with  hand  tools. 
Slide  I'est  tools  are  miniatures  of  ttiose  used  on  larger  lathes, 
hence  a  description  will  not  be  given  at  tliis  point. 

Ens^ine  Lathe.  When  the  slide  i*est  is  pernmnently  attached 
to,  and  movable  alon^,  the  bed  of  the  hithe,  and  motion  is  auto- 

niiitically  imparted  to  tlie 
tool,  we  have  what  is  termed 
the  engine  hithe.  This  is 
one  of  the  most  common,  as 
well  as  one  of  the  most  im- 
portant luachine  tools,  and 
one  which  can  lie  made  to 
serve  for  a  wide  variety  of 
oixM-ations.  For  tliese  rea- 
sons, it  is  entitled  to  a  moi-e 
extended  description  than 
that  accorded  to  less  typical  forms. 

An  oixiinary  form  of  sci*ew  cnttincr  engine  latlie  is  shown  in 
Fig.  91,  which  is  a  I'epi'esentation  of  one  of  usual  dimensions.  It 
has  a  strong  cast-iron  bed  A,  carried  on  four  well  biuced  legs,  that 
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may  be  bolted  to  tlie  floor,  though  the  weight  of  the  luaehiiie  may 
be  sufficient  to  hold  it  in  position.  On  the  left-hand  end  of  the 
bed  there  is  fastened  the  head  stock  B,  which  carries  the  main 
running  gear  of  the  machine.  At  each  end  of  the  head  stock 
there  is  a  bearing  for  the  spindle.  Running  loosely  on  the  spin- 
dle and  between  the  bearing  is  the  cone  pulley  C  to  which  the 
pinion  D  is  attached. 

The  back  gear  is  designed  to  reduce  the  speed  of  the  spindle 
without  changing  the  belt  speed.     The  mechanism  of  the  back 


Fig.  90. 

gear  is  more  clearly  shown  in  Fig.  92.  The  large  gear  E  alone 
shows  in  Fig.  91.  It  is  driven  by  the  pinion  D  which  is  attached 
to  the  cone.  The  pinion  on  the  same  sleeve  as  the  gear  E  drives 
the  gear  at  the  right  of  the  cone.  This  gear  is  keyed  to  the 
spindle.  When  the  back  gear  is  not  in  use  it  is  thrown  out  of 
mesh  with  the  geai's  on  the  pulley  and  spindle,  by  means  of  the 
shaft  having  eccentric  bearings  upon  which  it  turns  ;  at  the  same 
time  tlie  cone  pulley  is  fastened  to  the  gear  at  its  right.  The 
spindle  then  turns  with  the  cone  pulley.  When  the  back  gear  is 
in  use  the  spindle  runs  more  slowly,  with  the  belt  on  tlie  same 
step  of  the  cone,  than  it  does  when  driven  direct 

The  spindle  projects  through  the  bearings  at  each  end.     At 
the  nght  it  is  usually  threaded  to  receive  a  face  plate  F.     It  is 
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uIru  bored  out  and  tapered  at  the  end  for  a  center  G.  This  cen- 
ter is  called  the  live  center  becauae  it  turns  with  the  spindle.  The 
drad  center  H  is  in  tlie  tailstock,  and  hence  dues  nob  turn.  At 
the  left  tlie  spindle  projects  bejond  the  I>earing8,  and  carries  a 
small  cone  pulley  I  and  a  pinion  J.  The  cone  pnlley  serves  as 
the  driving  pulley  for  a  narrow  belt  running  to  the  corresponding 
pulley  K  on  the  feed  rod  N. 
The  pinion  serves  to  drive, 
tliTOUgh  tlie  intermediate  gear 
M,  the  lead-screw  O. 

The  work  is  held  on  tlie  f 
centers  G  and  II,  the  distance 
Ijetwceii  which  ia  utljust«d  hy 
moving  the  tMilsluck  S  (soiuf- 
tinies  called  the  tailblock).  Tbc 
latter  is  lield  to  the  bed  by  a 
lilanip  and  holtfl  tightened  by 
the  nuts  T.  To  move  the  tail- 
stock,  these  nuts  are  slackened 
and  tlie  stock  moved  to  tlie 
projjer  position.  The  fiual  ad- 
justment is  made  by  turning  the 
hand  wheel  Q,  which  rotates  a. 
screw  in  the  case  P,  which 
works  in  a  nut  in  the  spindle 
of  the  dead  center  H  which  is 
thus  moved  in  and  out  When 
the  centers  have  been  projjerly  adjusted  and  the  work  is  in  posi- 
Idon,  the  dead  center  is  elam|^>ed  by  tlie  handle  K. 

When  work  is  to  be  turned,  tlie  tot)l  is  projierly  adjusted,  and 
the  carriage  U  moved  along  the  l»ed.  This  movcmenb  is  accom- 
plished by  means  of  gearing,  wbicb  is  placed  liebind  the  apron  of 
the  carriage,  and  driven  by  the  shaft  U[M)n  which  tlie  cone  pulley 
K  is  keyed.  The  driving  gear  meshes  with  a  rack  beneath  the 
upper  ledge  of  the  bed.  Connection  between  the  gearing  and  the 
I«haft  is  made  by  a  friction  clutch.  The  carriage  may  also  be 
pinoved  by  hand,  by  turning  the  hand  wheel  V,  to  which  tliere  is 
Iteyed  a  pinion  directly  meshing  in  the  rack. 


Fig.  M. 
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Tlw  tool  k  fed  to  tfao  wuA  and  witiidimvB  from  it  b^  ti«mi»y 
the  eiDM  feed  handle  W.  Hus  drirea,  fagr  meana  of  the  aeiew  mad 
not,  the  craas  slide  X.  'TUs  'maufemeat  pomita  anj  desiied 
tmurene  or  longitudinal  poaition  of  the  tooL'  The  motion  of  the 
carriage  is  usually  from  riglit  to  left  when  at  work.  When  aeioa 
are  to  be  cut,  a  difTeRnt  feed  is  used.  In  onlinaiy  tnming  diere 
will  be  a  rariatioo  in  the  relations  between  the  ratatioQ  of  the 
wotk  and  the  Imigitndinal  mntion  of  the  tool  due  to  the  aKpping 
of  die  belt  c<«nectinfc  the  cwie  pollen  I  and  K,  or  to  the  alippii^ 
of  die  frictioa  clntdi  couoecting  the  shaft  K  to  die  diiving  gear. 
To  eat  •  Boew  thnnd  it  is 
pcccwaij  that  there  shall 
be  DO  rdative  chan^ 
in  tbe  nilation  of  the  wiwk 
and  the  loi^tadinal  uto- 
tion  of  tbe  tool.  In  other 
words,  the  tofd  must  tiaTel 
«  gi\'en  distance  fw  eveiy 
leTolutioa  of  the  woik. 
To  acoompli^  tfais.tfae  caj^ 
ria^  i^  ilriven  bv  tbe  lead- 
s^'tvw  <  >  working  in  a  nut 
set  iu  tiie  carriage.  The 
s^-rew  is.  in  turn,  driven 
by  tbe  train  of  geai?  J.  >i. 
aixl  L.  Tlie  gear  J  U  keyed  to  the  spindle.  Tlie  iutenne* 
(ILite  gear  M  mm  loose  on  a  stud.  The  gear  L  is  keyetl  ut  the 
fewl  rwl  N,  which  transmits  its  motion  to  the  lea«i-s».ttw  O  by 
gwirs  Y  anil  Z.  By  changing  the  siies  of  the  ge;iry  ii^etl  on  the 
BpiiHlle  and  the  sent"',  auy  desired  thread  may  W  cut.  The  size 
of  th<:  intenut^liate  gtrar  M  has  no  cffeit  on  the  thread  being  cut. 
It  i*  a>ed  to  cr»nnect  the  other  two  gears,  and  c«n  l-e  adjusted  to 
any  desired  iwffltion  for  that  purpose. 

In  this  country  the  size  of  a  lathe  is  designated  by  the 
largest  diameter  it  nill  swing  over  the  guides,  and  by  the  length 
of  tbe  bed.  The  ladie  illostrated  is  known  a^  -24  x^'.  In 
England  die  diite^"  ~  40  gnldea  to  the  center  is  tlie  unit  of 

I  between  oentei«  is 
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considered  to  be  the  length  of  the  kthe.  Thus  a  15-inch  Lathe  in 
England  would  be  a  30-inch  lathe  in  the  United  States. 

The  uttjichinents  usually  furnished  witliout  extra  charge  are 
a  large  face  plute  of  the  full  swing  of  the  lathe,  a  Bt«ady  rest,  and 
a  follower  rest. 

The  stnuU  face  pliit«  is  used  only  for  driving  the  work  iudi- 
rectly  through  Kuitable  attachments.     The  large  face  plate  shown 


in  Figs.  01  and  93  is  used  as  a  direct  support  for  the  work,  the 
T-Klots  and  other  ojtenings  furnishing  opportunities  for  bolting 
and  clamping  the  work  timily  to  the  face  plate. 

The  Steady  Rest.  When  work  is  being  done  on  tlie  end  of 
a  shaft  so  that  tlie  tailstock  cannot  be  used,  it  is  uecessaiy  to  sup- 
port tlie  shaft  in  some  other  way.  It  is  done  by  means  of  the 
steady  rest  shown  in  Fig.  D4.  This  rest  consists  of  a  frame  hinged 
at  A,  and  fitted  with  tliree  movable  jaws,  B  B  B.     The  rest  \» 


MACHINE   SHOP  WORK. 


clamped  to  the  lathe  bed  in  the  proiier  place.  The  jaws  li  B  B 
are  then  adjusted  to  iovm  a  Iwaring  for  tlie  work,  care  being  taken 
that  the  axis  of  the  work  is  pandlel  to  tlie  ways,  or  sheai-s.  Unless 
it  is  parallel,  the  work  will  not  be  turned  true ;  that  is,  the  end 

\ 1 


^^ 


will  not  Iw  sqitHi?,  but  will  Ire  liulloweil  ur  conical,  as  shown  some- 
what ex  aggcmted  in  llie  accompanying  diEigmm  (Kig.  05).  The 
steady  rest  is  also  uscil  to  support  lung  shafts  tJiutare  being  turned  ; 
it  prevents  such  work  ti-om  sieging  at  the  center  and  thus  being 
turned  out  of  true. 

After  adjusting 
the  steady  rest  to  size, 
it  can  be  moved  along 
the  bed  of  the  lathe 
without  changing  the 
relation  to  tlie  lathe 
axis ;  but  care  must  be 
taken  not  to  reverse  the 
steiwly  rest  in  the  lathe, 
as,  in  most  cases,  such 
action  would  necesai- 
tate  a  reiuljustinent. 
The  names,  back  rust  and  center  rest,  are  synonymous  witli 
steady  rest,  tlie  use  of  the  device  often  determining  the  name. 

The  follower  rest  serves  some  of  the  purposes  of  the  steady 
rest,  but  is  fastened  to  the  carriage,  and  moves  with  it  at  the 
point  of  greatest  stress.  It  may  consist  of  adjustable  jaws  or  a 
solid   ring  to  blip  over  the  piece   being  turned.     It  is  esiiccially 


Fig.  ft7. 
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valuiilili!  iii  inrning  shafting  iiml  nUier  work  wlmre  tlie  lutiti  nf 
length  U»  (liameter  in  very  greiit.  The  foUowor  iVKt  is  not  very 
often  used  in  shop  pmctiee,  except  on  claSBes  of  work  juml 
mentioned.  The  extra  attftdlinients  desirable  for  a  lathe  will 
now  be  biiefly  described. 

Chucks.     Fii-at  in  importance  is  the  kthe  ehuck.  Fig.  9fi.     It 
consists  of  a  body  which  is  fastened  to  a  Hiiecinl  face  plate  in  Buch 


kH 
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a  way  that  it  is  concentric  with  the  spindle.  The  three  jaws  AAA 
can  be  moved  in  and  out  toward  the  center  by  turning  the  screw- 
beads  BBIJ.  These  chucks  are  nnivei'sal  or  independent.  In  the 
universal  chuck  all  of  the  jaws  are  opemted  simultaneously. 
That  is,  when  one  of  the  screw  heads  B  is  turned,  all  of  the  jaws 

are  moved  an  equal  distance  t^iwaids  or  away  from  the  center. 

^his  makes  it  possible  to  put  the  work  in  posilion  (jnickly  if  it  is 
iximately  round  in  ite  untinished  condition.      Witli  the  i 
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dependent  I'lnu-k,  Fig.  97,  eaili  jiiw  in  oi>er.ited  separately.  Siu-h 
a  chuck  is  tiuad  for  liolding  pieces  of  irregular  sliapc  mid  those 
which  must  l>e  held  eftientrienllj.  Frequently  tlic  universal  and 
independent  ohupks  are  cntnhined  in  one.  Means  are  then  pro- 
vided for  working  the  jawa  separately  or  together  as  desired. 

In  using  the  univerBal 
chuck  each  screw  should 
l>e  tightened.  The  method 
of  procedura  is  to  place  the 
work  in  tlie  chuck,  and 
turn  oue  screw  liead  until 
all  of  the  jaws  are  in  con- 
tact with  the  piece  to  be 
operated  upon.  Then  turn 
}■]„  o9_  the  chuck  and  tighten  each 

screw  liead  successively 
until  each  one  in  tight  enough.  Owing  to  wear  and  lost  motion, 
it  is  sometimes  necessary  to  apply  the  wrench  to  each  one  three 
or  four  times  before  the  final  adjustment  is  reached. 

Lathe  chucks  are  usually  made  with  tliree  or  four  jaws. 
Universal  chucks  generally 
have  three  jaws,  while  inde- 
pendent chucks  have  four. 
It  follows  that  a  combination 
chuck  is  not  wholly  satisfac- 
tory, because  with  tihree  in- 
dependent jaws  it  is  very 
difficult  to  adjust  work  ac- 
curately, and  with  four  uni- 
versal jaws  it  is  equally  dif- 
ficult to  get  every  jaw  to  bear 
on  the  work.  For  certain 
classes    of    work,   especially 

valves  and   pi|)e  fittings,  chucks  with  two  jaws  an;  often  used 
Tlie  lai^  f:ice  plate  of  a  lutlie  can  lie  made  into  an  inde]>eii- 
dent  chuck   by  attaching  what   are  known  as  face-plate   jaws; 
Fig.  98.     In  this  case,  there  may  l>e  six,  eight,  or  more  jaws. 

As  tliese  chucks  are  expensive  it  sometimes  huppens  that  a 
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piece  is  to  be  held  for  which  no  provision  is  made.  A  chuck  cau 
tlien  be  made  of  wood.  Such  a  chuck  is  shown  in  Fig.  99.  Two 
pieces  of  wood,  A  and  B,  are  bolted  together  by  the  bolts  EE, 
while  separated  by  the  filling  pieces  CC.  The  piece  is  firmly 
bolted  to  a  face  plate  by  the  bolts  DD.  The  lathe  is  then  run  at 
high  8[)eed,  and  the  interior  bored  out  exactly  the  size  of  the 
piece  that  is  to  be  held.  The  nuts  of  the  bolts  EE  are  slackened 
and  the  filling  jieces  CC  removed.     The  work  is  then  inserted. 


Fig.  100. 


Fig.  101. 


and  by  tightening  the  nuts  EE,  it  is  securely  clamped  between 
the  pieces  A  and  B. 

Lathe  Dof^s.  As  the  frictional  contact  of  the  work  on  the 
live  center  is  not  sufficient  to  turn  it,  some  device  must  be  used 
to  make  the  work  turn  with  the  center.  To  accomplish  this  a 
lathe  dog  is  used.  For  round  work,  such  as  shafting,  a  dog  like 
that  shown  in  Fig.  100  is  often  used.  The  shaft  or  piece  to  be 
turned  is  placed  in  the  hole  A,  and  held  firmly  in  place  by  the  set 
screw  B.  The  tail-piece  C  is  put  through  a  hole  in  the  face  plate 
and  the  work  rotates  with  the  live  center. 

Wliile  tliis  type  of  dog  is  satisfactory  in  most  cases,  the  fact 
that  the  contiict  between  tiie  dog  and  tlie  face  plate  is  beyond  the 
end  of  the  piece,  introduces  a  bending  strain  which  is  appreciable 
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in  sltiider  work.     To  livoid  tbis,  dogs  are  made  with  a  strai^lit 
Uil,  and  driven  by  a,  stud  projecting  from  the  face  plate. 

Kur  Work  other  than  round,  a  dog  such  iia  that  shown  in 
Fig.  101  iiiiiy  l>e  iised.  The  work  is  placed  l>etween  tJie  jnws,  iuid 
htjid  iu  positiOD  by  the  bolts.     The  holed  in  the  upper  jaw  are  made 


Fig.  102. 

larger  than  this  scivwa  in  order  that  the  angle  Iwtween  the  jaws 
may  Ix-.  varied.  The  connection  between  the  face  plate  and  dog 
is  nmde  as  with  Fig.  100. 

Handrels.     Another  method  of  holding  work  is  by  the  nse  of 
u  tnaudi-el.     This  iii  a  piece  of  steol  with  a,  slight  taper;  the  ends 


rig.  10.1. 

are  flattened  for  the  lathe  dug,  as  shown  in  Fig.  102.  It  fre- 
quently happens  tliat  a  pieee  with  a  hole  in  it  is  to  bu  turned  or 
finished  over  its  out«r  surface.  In  tliis  case  a  dog  eanuot  he  used, 
and  it  is  troublesome  to  hold  it  to  a  ehuck.  Sueh  a  piece  is 
shown  iu  Fig.  103.  This  is  a  stufRng-box  gland.  If  it  were  to 
be, held  by  the  jaws  of  a  chuck  the  face  A  could  uot  l>e  reached  at 
all,  and  only  a  portion  df  the  edge  B,  wliereas  si  dog  eliimi^d  to  it 
would  offer  even  greater  ohslruetion.  The  nietlnxi  of  uifiiig  the 
mandrel  is  to  ream  the  gland  out,  so  that  it  can  he  driven  upon 
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the  mandrel.  When  tliis  has  been  done  tlie  frictional  resistanoa  J 
between  the  two  will  be  sufficient  to  drive  the  piece.  Iii  thii 
manner  it  can  l)e  finished  over  its  whole  surface  with  but  one  set- 1 
ting  in  the  Uthe.  All  finiehing  poBBible  muy  Lie  done  while  j 
it  is  in  the  chuck,  leaving,  in  this  ease,  only  the  face  A  and  edge  I 
11  til  lie  finished  while  on  the  mandrel. 

Slionld  the  glan<I  lie  shaped,  hs  sliowti  I 

in  Fig.  104,  it  would  lie  necessary  to  make  | 
a  si>eciiU  mandrel  tn  fit  the  bore.  The  I 
cylindrical  part  of  A  of  the  mandrel  must  J 
U'  :nlriving  fit,  and  the  part  It  a  loose  liL 

Expanding  Mandreh.    Where  a  man-  ] 
di'cl  like  that  shown  in  Fig.  102  is  f re- ] 
i|iiently  used,  tlie  confitant  driving  on  and  I 
[  ^^     uir  of  the  work  will  wear  it  to  »  smaller  | 

I     V~  illaniet('r,   cansing   it   to   liecome   nselesa.  i 

y//\  Agiiin,  solid  mandrels  are   nsnally  made  i 

"'"'^  of    statidard   diameters,    vaiying   by   six-  ] 

teenthsof aninch. 
It  sometimes  hap- 
pens that  a  piece 
to  1)6  turned  has 
a  hole  wliicii  will 
not  fit  any  stand- 
ard solid  mandreh 
To  overcome  these  difficulties  an  expanding  mandrel,  shown 
in  Fig.  105,  is  used.  This  is  really  a  chuck  so  arranged  that  the 
grips  can  be  forced  out  against  the  interior  of  the  hole.  When 
the  work  has  been  &ushed  the  grips  are  again  drawn  in  and  the 
piece  removed.  Another  form  of  expanding  mandrel  ia  shown  | 
in  Fig.  106. 

Centering.  A  piece  to  be  tamed  is  supported  on  the  two 
centers  of  Uie  lathe.  In  order  tiiat  this  may  be  done,  the  ends 
are  prepared  by  dtilUng  a  hole  in  each  and  countersinking  it. 
This  is  called  centering  the  work.  The  countersink  should  be  of 
exactly  the  same  angle  as  the  lathe  center  upon  which  it  is  to  ' 
run.  The  hole  should  be  drilled  deep  enough  so  that  the  point 
«f  the  latlie  center  nay  not  strike.     The  shape  of  the  bole  is 
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shown  ill  Fig.  107.  The  angle  of  the  hole  varies  from  40°  to  90°. 
but  60°  is  the  generally  accepted  standard.  The  effect  of  using  a 
60°  hole  on  a  90°  center  is  shown  in  Fig.  lOS.  The  result  o£ 
such  an  application  is  that  the  bearing  will  lie  concentrated  on  a 


Fig.  105. 


line  A  B  eaiising  rapid  wear  of    the  outer  end  of  the  liole,  End 
a  cutting  of  the  dead  center. 

'I'he  size  of  center  holes  varies  witli  tJie  weight  of  the  work 
and  the  character  of  the  ojienition.  Heavy  work  and  niugh 
turning  require  liirge  center  holes,  while  small  work  and  fine  turn- 
ing can  he  done  without  countersinking  deeply.  As  liearing  sur- 
faces in  cast  iron  must  be  large  to  he  satisfactorj',  center  holes 
in  cast  iron  are  likely  to  give  ti'ouble  by  unequal  an<l  rai)id  wear. 
When  turned  work  in  cast  iron  must  be  very  accurate,  it  is  well 


to  diillr  s  large  hole  in  each  end,  drive  in  a  plug  of  wrought  iron 
or  mild  steel,  and  form  the  center  holes  ia  the  plugs  thus 
driven. 

When  the  piece  has  been  put  in  place,  tlie  dead  center  should 
be  oiled  and  screwed  up  into  position.  It  should  be  tightened  so 
that  there  is  no  lost  motion  T»nd  yet  allow  the  work  to  turn  freely. 

The  turning  of  shafts  and  bars  is  not,  however,  the  only  kind 
of  work  to  I>e  done  on  a  lathe.  Pieces  ai-e  to  lie  turned  that  are 
thin,  that  have  holes  tlirougli  Uie  center,  and  which  are  so  shaped 
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that  they  cannot  be  held  upon  the  centers.  In  such  cases  it  be- 
comes  necessary  to  hold  the  work  firmly  -without  distortion,  aa 
may  be  done  by  use  of  tlie  lathe  chuck. 


Fig.  107. 


ng.  108. 


Still  another  metiiod  of  holding  work  is  that  shown  in  Fig. 
109.  The  piece  is  clamped  to  the  face  plate.  When  this  is  done 
theie  should  be  a  bearing  on  the  face  plate  immediately  beneath 
the  clamping  strap.  For  example  consider  Fig.  110.  Suppose  a 
disk  having  four  feet  on  one  side  is  to  be  faced  ofE  on  tlie  front. 


] 


The  clamps  should  be  placed  directly  over  the  feet  as  in  B.  K 
they  are  placed  between  the  feet  at  EE  the  work  will  be  sprung 
out  of  shajie  as  shown  by  the  dotted  lines  in  A.  Then,  when  the 
tool  ba«  done  its  work  the  shape  of  Hie  piece,  while  bolted  to  tiie 
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face  i^ate,  will  Iw  aK  slunvii  in  C  Ah  soon  as  the  pivwsui-e  of 
the  straps  is  removed  ilm  elastieily  o£  the  metal  will  cHiise  tlie 
piece  to  assume  the  ninvex  form  sliown  iu  1),  wliereas.  if  the 
straps  had  Wen  plaiTit  lis  bIiowii  in  11,  no  diatoi-titiu  would  have 
Ixttjil  piTMlllrfii. 


An  angle  iron  may  he  clam|ied  on  a  face  plate,  as.  shown  in 

Fig.  Ill,  presenting  a  surface  p«raUe!  to  the  lathe  axis  to  which 

work  may  be  attached.     The  angle  irons  may  of  course  be  at  any 

Egmgle  to  the  face  plate,  but  90°  is  the  on«  moat  commonly  used. 


When  work  is  liclil   in  this   manner,  it  is   ilesirahle   to  counter- 
Imlance  it,  as  is  also  shown  in  Fi^',  111. 

Adjusting  Pieces  to  Center.  Whenever  a  iiiece  is  to  be 
turned  in  a  hitlie  it  is  ni-cessiiry  to  iidjustit  so  that  it*i  rough  out- 
line is  approximately  concentric  mth  the  lathe  centers.     This  ia 
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doDe  by  bolting  it  lightly  t<>  the  fuce  plitte  and  niiiiiitig  ttiu  Intlio. 

Willie  running,  a  jiiece  of  chalk   is   liehl   so  tJiat  the  pn)jectiiig 

portions  will  strike  it.     This  marks  tlic  piece,  and  indicates  tht! 

part  that  is /arfAe«t  from  the  center.     Thu  lathe  in  then  stopped 

and  the  piece  shifted,  moving  the  chalk 

mark  towards  the  lathe  enter.     This 

is  repeated  until  the  chalk  miikes  a 

continuouH   mark   around   the  whole 

ciroumference.     The  piece  may  then 

be  considered  to  be  centei-ed. 

Suppose  it  is  necessary  to  center 

a  piece  having  a  hole  that  must  run 

true.     In  this  case  the  inside  of  the 

hole  must  be  used  na  a  guide.     I^et 

Fig.  112  represent  the  hole  witli  the 

thin  shell,  and  A  a  chalk  mark  made 

as  described  for  centering  by  the  out- 
side.    In    this  work  the  chalk  mark 

matt  he  moved  aicay  from  the  center. 

A  lathe  tool  may  be  used  as  shown  in  Fi{ 

that  is  to  be  bored. 

Where  a  piece  has  already  been  turned,  greater  accunicy  is 

demanded,  and  a  surface  gage  may  be  used  to  advantage.  Set  the 
gage  on  tlie  Ijed  or  carriage 
of  the  lathe,  and  place 
one  of  tlic  points  in  con- 
tact witJi  the  work.  Ko- 
11      tate  the   work   as   Iwfiire, 

I      and  note  where  tlie  point 

touches  the  surface.  This 
point  is  to  be  treated  in 
the  same  way  as  the  chalk 

mark  explained  in  a  preceding  paragraph. 

A  still  more  accurate  method  of  centering  a  piece  of  turned 

work  on  a  face  plate  is  to  use  some  form  of  graduated  indicator, 

aucb  as  the  8tarrett  indicator,  Fig.  114.     This  is  held  in  the  tool 

post,  and  the  contact  point  brought  against  the  work  until  the 

indicating  arm  is  at  zero.     If  the  work  is  now  slowly  rotated  by 


.  lliJ  to  center  a  piece 


^^^ 


Fig.  US. 
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licator  will  show  juat  where  the  work  is  out  of  true, 
iiuluatecl  in   thousandths  of  an  inch,  will  also   show  i 
By  careful  adjustment,  the  piece  may  be  centered  to  J 
jBgree  of  accuracy  required. 

Instead  of  locating  a  cylindrical  surface  concentric  with  the  ' 
jf  the  lathe,  it  often  happens  that  a  point  is  to  be  located  iu 
^x         ''"or   this   purpose,  the  center  indicator,  Fig.  115,  is  i 
Free  end  of  the  short  arm  is  placed  in  the  point  to  be  1 
ually  a  prick  punch  mark),  the  fulcrum  being  held  ia 
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the  tool  post;  when  the  work  in  rotated,  the  free  end  of  the  loug 
arm  not  only  shows  tlie  error,  but  magnifies  it  in  proportion  of 
,  the  length  of  the  short  arm  to  the  length  of  the  long  arm.  By 
u»ug  a  comparatively  long  arm,  the  point  can  be  very  closely 
centered. 

Centering  Fininhed  Work.  After  making  the  center  punch 
mark  in  the  end  of  the  piece,  it  is  drilled  and  countersunk.  This 
must  be  done  very  accurately,  but  frequently  the  drilled  hole  or 
the  countersink  will  not  be  iJi  the  exact  center:  See  Fig.  116. 
This  may  be  caused  by  uneven  grinding  of  the  drill,  eccentric 
motion  of  the  drill  point  ("due  to  the  inaccurate  running  of  the 
spindle),  or  the  distortion  of  the  metal  by  the  center  punch.  If 
the  countersink  is  nut  exactly  in  the  center,  it  must  be  drawn 
l>ack  to  the  I'enter.     This  is  genemlly  done  by  the  small  round- 
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nosed  chisel  and  a  hanmier.  The  method  (d  doing  this  work  is 
as  follows :  After  making  the  center  pimch  mark,  the  hole  is 
drilled  and  Uien  countetsnnk  slightly,     llie  work  should  now  be 
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stopped ;  and  if  the  circumference  of  the  conical  hole  is  not  con- 
centric with  the  cin^nrnfereiice  of  the  piece  a  groove  should  be  cut 
down  the  Bide  fartliest  from  the  outer  circumference,  as  shown  in 
Fig.  117.     The  dcpUi  of  the  groove,  which  should  be  near  the 
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Fig.  117. 


center,  depends  upon  the  amount  of  eccentricit)-.  The  couutetsiuk 
ia  afriiin  stirteii  and  tlie  groove  drilled  out.  If  the  circle  is  not 
yet  concentric,  the  process  is  repeated. 

Lathe  Tools.  The  cutting  tools  used  in  laUies  are  of  a  great 
variety  <)f  shapes.  These  shapes  are  adapted  to  the  work  that  is 
to  l>e  done,  and  to  the  kind  of  finish  that  is  to  be  left  upon  the 


I  !   are  two  fuDdnmentel  requirements  that  all  tools 

I :     Tkn  nittinff  edge  alone  mutt  touch  the  metal ;  the  edye 

kf.ni.     A  typical  form  of  tool  is  shown  in  Fig.  118.     The 

jdge  of  the  tool  at  A  ia  in  contact  with  the  work.     ITie 

hotttiiu    line   A  B  riins 

jT  ^\^  back  from  the  iiretal  and 

liixis  not  touch  it.  The 
top  face  A  C  alopes 
down  iind  back.  The 
line  A  D  is  a  tangent 
at  the  cutting  point,  and 
the  line  A  E  is  radial 
at  the  same  point, 
right  angle  or  90°,  The 
•h-arance,  and    should    l»e 


<J 


Tig.   118. 


;he  angle  D  A  E  is  always 

.   li  is  culled  the   angle    of 

lathe  tools,  not  over  10°.     The  angle  C  A  E  is  called 

!  of  niki;  and  should  lie  as  great  as  circunistrtnee.s  will  per- 

i.xtiit  20"  on  lathe  tools  for  wrought  iron  and  st^el,  leaving 

_„r  the  noh'il  or  aiftivff  angle,  whieli  is  the  same  angle  as  is 

used  for  a  cold  chisel. 

Clearance  prevents  the  tool  from  rubbing  on  the  work,  while 
nke  adds  to  the  keenness  of  the  cutting  edge,  and  gives  freedom 


Fig.   llfl. 


i'ig.   120. 


to   the   removal   of   the    chips.     A  tool    should   have   sufficient 
strengtli  at  the  point  to  do  the  work  required. 

The  tool  should  be  set  so  that  the  cutting  edge  will  be  very 
nearly  at  a  liori/.iiiital  line,  passing  through  the  axis  of  tlie  work. 
Many  inachinists  set  the  cutting  edge  a  little  aliove  the  horizontal 
line.  When  so  set  the  stress  tends  to  force  the  tool  down  along 
the  line  of  its  greatest  strengtli.     The  tool  may,  however,  be  set 
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too  high.  If  this  is  done,  as  in  Fig.  119,  the  angle  of  clearance 
will  disappear,  and  the  curve  of  the  work  will  rub  against  the 
bottom  of  the  tool.  This  will  tend  to  force  it  out;  it  will  heat 
the  steel  and  produce  a  rough  surface  on  the  metal  \yeing  turned. 
If,  on  the  other  hand,  the  tool  is  set  too  low,  as  in  Fig.  120,  the 
cutting  edge  does  not  stand  in  line  with  the  motion  of  the  work 
at  the  point  of  contact. 
The  result  will  be  that  the 
metal  will  be  scraped  rather 
than  cut,  as  there  is  no 
rake,  and  the  pressure  upon 
the  tool  will  be  in  the  line 
of  its  lowest  power  of  re- 
sistance, as  indicated  by  the 
arrow.  Such  a  position 
might  cause  the  point  of  the  tool  to  break  off.  It  will  also  cause 
the  tool  to  tremble  or  chatter  as  it  removes  the  chips,  leaving  a 
rough  and  wavy  surface  on  the  metal. 

As  stated  above,  many  machinists  prefer  to  set  the  cutting  edge 
a  little  above  the  center ;  if  this  is  done,  the  rotation  of  the  work 


Fig.  121. 


^ 


Fig.  122. 

has  a  tendency  to  depress  the  point  of  the  tool  a  little,  bringing 
it,  while  cutting,  nearly  to  the  center.  The  amount  the  tool  is 
set  above  the  center  is  slight,  and  of  course  depends  upon  the 
character  of  tlie  work.  The  angle  A  C  B,  Fig.  121,  should  he 
only  about  5  or  6  degrees. 
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Fig.  :28. 


»oi      UBtially  held  to  the  caiiiage  by  means  of  a  toolpoeti 
I         122.     The  post  coiisUttt  of  a  pieeu  uith  a  slotted 
.jgn  ilie  center  for  tlie  tr»ol  li.     A  liug  C  slips  over  it 
IB   upon   the   body  of   tlio    carriHge.     This  ring   may  be 
beveled  lis  shuun,  to  providu 
VBiticnl    udjustiiient  for    tJiw 
point  of  tUe  tool.     The  post 
has  a  cullav  D  at  its  lower 
end  that  goes  loosely  into  a 
slot  in  tlio  carnage.     At  the 
top   thei'e  is   a  eet  screw  £. 
When  the  tool  Las  been  pro- 
perly adjusted  by  turning  the 
ring  C  to  give  it  the  correct 
elevation,    the    set   screw   is 
wn  upon  the  top  of  tlie  tool.     This  i-aises  the  tool 
bearing  on  the  under 
1        !   slot,   and    clamps 
'iioie    carriage    firmly  in 
poflition. 

In  setting  the  tool,  it  should 
be  done  with  the  cutting  edge 
as  far  bjiek  towards  tlie  support- 
ing ring  ati  possible.  If  it  has 
too  much  overliang,  as  shown 
by  the  dotted  lines  of  Fig.  122, 
it  will  spring  uniler  the  pres- 
sure of  the  work  and  chatter. 

While  this  form  of  tool  ]K)8t 
is  used  more  than  any  other, 
there  ai-e  certain  objections  to  it. 
In  the  first  place,  changing  the 
height  of  the  tool  point  also  changes  the  angles  of  rake  and 
clearance.  Tliesc  are  supposed  to  be  con-ect  wlien  the  base  of 
tliB  tool  is  horizontal.  Any  chinge  from  this  poaJtion  will  alter 
iheue  angles  matcriallv.  Again,  this  post  i:^  nut  rigid  enough 
for  heavy  work.  1  >:i  iiithes  of  over  thirty  inches  SHing, 
Ih.-  styh-"i.r    lH..l-h,>I.I.T   .li.nvii    ii.    Vh^.    T.':!    is'^ftrn    .-m|)loyed. 


Fig.  12-1. 
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Eugliah  DiBiiufactureni  um;  it  almost  exclusively  on  all  sizes. 
There  is  no  provision  for  raising  and  lowering  the  point  of  tlie 
tool ;  and  while  tliis  is  not  of  flerioiis  importance  on  large  lathes, 
30-inch  and  over,  it  becomes  a  matter  of  moment  wlien  turning 
such  work  as  is  usually  handled  iu  lathes  of  14-inch  and  16-inch 
swing. 

The  form  sliown  in  Vift.  1 24  han  two  I)evpled  lings  to  adjust 
the  heiglit  of  the  tool. 

The  I«i})e  t^ml  post,  shuwii  in  Fig.  lii-'i,  (-oml>ini's  the  good 
jxiints  of  all  tlio  other  forms;  the  tool  can  hv  lii'lil  l>y  one  iir  two 


screws  as  t!ie  chai'acter  uf  the  work  may  i-uqiiitv,  and  tlie  tool  may 
be  adjusted  vertically  and  horizont^illy  after  Wing  t.ljiniin.-d  down. 
The  construction  and  opemtion  of  this  tool  jtost  ai'e  so  evident 
from  the  illustration,  tliat  further  description  will  not  be  given. 
An  entirely  different  method  of  adjusting  the  t'H.l  point  is  by 
means  of  what  is  called  the  elevathig  or  rise -mid- fall  i-est  shown 
in  Fig.  120.  In  this  fy|te  there  is  a  T-shajxxl  casting  eariiwl  >iii 
ihu  njuKT  part  iif  the  carriage,  siipjHjrted  l>y  tmnnion  screws  lU 
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and  by  an  sdjuatiiig  screw  at  the  rear.     With  this  is 

J8t  as  shown  in  Fig,  122  with  a  plain  ring.     The 

rem  is  used  quite  extensively  nii  small  lathes,  but  the 

ce  of   adjustment  is  gained   liy  a  loss  in  rigidity.     The 

lij'ht,  and  the  elevating  portion,  being  supported  at 

separated  points,  lacks  stiffness.     As  the  effective 

F  carriage  is  limited  by  tbe  height  of  the  cross  mil 

carried  above  it,  they  are  made  light  —  too  light  in 


Fig.  126. 

Tumine  Tools.  The  aide  or  facing  tool.  Fig.  127,  is  the  most 
common  form  of  lathe  tool.  It  is  used  for  squaring  up  the  ends 
of  shafts,  facing  sliouldei's,  and  similar  work.  While  the  ordi- 
naiy  forms  will  not  remove  a  large  amount  of  metal,  they  can, 


t 


Fig.  127. 


Fig. 


when  made  thick  and  heavy,  I>e  used  for  niugliing  cuts  on  the 
surface  of  cylindrical  work.  'J'he  common  form  is  made  slender 
in  order  to  work  between  the  dead  center  and  the  work  in  squar- 
ing up  ends. 

A  common  form  of  tool  for  turning  wrought  iron  and  steel  is 
the  diamnml  )ii>mi1  shnwn  in  Fig.  128.  The  ii.iuie  is  derived  from 
the  f.lijipe  of  llii'  ti'ji  f;ic-i-.     This  toul  luis  butli  fi-oiit  and  side  rakt 
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which  allows  a  keen  edge  without  reducing  the  strengtli.  It  is 
used  for  finishing  only  when  the  point  is  ground  slightly  round- 
ing and  a  fine  feed  is  used.  In  finishing,  but  little  metal  should 
be  removed.  Tlie  Feed  of  a  tool  is  the  amount  of  longitudinal 
iidvance  at  each  revolution  of  the  work.  For  roughing  out  cast 
iron,  a  strong  and  rapid  working  tool  is  a  round  nose  with  con- 
siderable side  rake.  For  finishing  wrought  iron  and  steel,  a 
modification  of  the  diamond  point,  as  shown  in  Fig.  129,  is  often 


Fig.  120.  *  Fig.  1:50. 

used.  For  cast  iron,  a  square-nosed  tool.  Fig.  180,  should  be 
used.  It  must  be  carefully  ground  and  accurately  set,  otherwise 
it  is  very  likely  to  gouge  into  the  softer  parts  of  the  metal. 
When  finishing  wrought  iron  and  steel,  the  tool  should  be  liber- 
ally supplied  with  oil  or  soda  water.  Cast  iron  must  always  be 
worked  diy,  both  in  roughing  and  finishing. 

The  cutting-oflF  or  parting  tool  is  illustrated  in  Fig,  131. 
The  blade  is  quite  narrow ;  as  narrow,  in  fact,  as  the  character  of 
the  work  will  allow.  This  is  necessary  in  order  that  the  stock 
may  not  I)e  wasted.     As  the  blade  must  be  narrower  at  the  shank 
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Fig.  131.  Fig.  132. 

and  at  the  bottom  than  it  is  at  the  cutting  edge,  it  follows  that 
the  tool  is  weak.  It  must  be  set  horizontally  so  that,  as  the  tool 
is  fed  to  the  work,  the  cutting  edge  only  will  touch  the  metal. 
It  must  also  be  set  so  that  the  cutting  edge  will  pass  through  the 
axis  of  the  work  as  it  is  fed  to  the  center.  If  set  too  high,  it  will 
eeasc^  to  cut  before  the  center  of  the  work  is  reached,  while  if  too 
low,  the  tool  hiis  a  poor  scraping  action,  and  will  leave  a  portion  of 
tjie  work  uncut.     On  work  held  between  centers,  one  should  not 
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attempt  to  cut  to  the  center  of  the  piece,  as  the  work  will  surely 
ride  up  onto  the  tool. 

Boring  Tools.  Wheu  &  hole  is  to  be  bored  in  a  lathe,  tools  of 
n  different  shape  from  those  used  iu  luniiujj  must  \te  used.  The 
jreueml  foriu  of  tho  tool  i«  sli<nvii  in  Fiff,  13:i.  The  leugth  of  tlie 
shank  at  A  de[)ciidH  on  tlio  d<|jtli  of  the  hole  to  he  bored,  for  it 
must  he  long  cuoiigh  to  reiwh  from  the  tool  piist  to  the  bottoni  of 
the  hole.  This  overhang  niiikes  the  tool  mure  likely  to  spring, 
iind  necessitates  a  mueli  lighter  cut  thnu  can  be  taken  when 
reiuoving  the  siime  amount  of  metal  hy  outwide  turning  tools. 
The  result  of  tliis  lighter  cut  is  seen  iu  the  increase  of  time 
required  to  remove  a  given  amonnt  of  stook.  The  shape  of  tlie 
cutting  edge  is  praeticiilly  the  same  as  that  of  the  took  for  turn- 
ing, except  that  the  Imring  tool  must  have  more  clearance  to  avoid 
striking  the  work.  Tlieivfore,  with  the  same  solid  angle,  the  tool 
will  huve  less  mke.     The  reason  for  this  wiU  Ije  seen  hy  compar- 


t'ig.  131. 


Ing  Figs.  118  and  133.  In  Fig.  118  it  will  he  seen  that  the  sur- 
face of  the  work  ia  outJiide  a  tangent  at  the  cutting  point,  and  can 
never  interfere  T,vitli  the  bottom  of  the  tool.  In  Fig.  133  the 
work  surface  is  inside  the  tangent ;  and,  unless  the  tool  has  a  lat^ 
amount  of  clearance,  it  will  cause  trimble  hy  striking  the  concave 
surface. 

Tools  for  Imiss  differ  fram  those  used  on  steel  and  iron  in 
that  they  have  no  rake.  \  tool  suiU^d  for  Ijrass  is  sliown  in  Kg. 
134.  lini.ss  is  a  very  l)rittle  nietJil,  itnd  tlie  chip'*  hieak  oH  as  soon 
aa  started  fmm  the  main  htwly.  When  turning  wrought  iron  and 
steel,  im  the  other  hand,  the  metiil  does  not  hri'ak,  but  forms  long 
spind  i-lii[is  if  thi'  inol  is  in  goo<l  condition.  If  ji  tool  with  rake 
is  used  ill  tiiniing  hniss,  the  wurk  will  not  only  lie  i-ough  in 
uppciiriiiiii-.  but  thcif'  is  gifiit  dniiger  of  the  tool  gouging  info  the 
stock  iind  s[ii>iliiig  tin:  work  or  tool,  possibly  hotli.     The  tintshing 
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tools  for  brass  may  be  square  or  I'ouud  nosed,  without  rake ;  in 
fact,  a  small  amount  of  negative  rake  will  produce  a  much  better 
surface.  When  the  brass  contains  a  large  percentage  of  copper, 
some  rake  may  be  required  owing  to  the  ductility  and  toughness 
of  the  metal. 

Fig.  136  shows  common  forms  of  lathe  tools. 

The  shape  of  the  tool  has  a  very  important  influence  on  the 
amount  of  work  it  can  be  made  to  do.     As  has  already  been  ex- 


B 


H 


I 


A  Lof t-haiid  Side.  E  L«)ft>band  Diamond  Poiut.  |  Tlireudiug. 

B  Uiglit-baiid  Side.  F  Round  Nose.  J  Bent  Threading. 

C  KiKht-haud  Bent.  G  Cutting  olT.  K  Boring. 

D  Kigbt-hnud  Diamond  Point.  H  Koughing. 


L  Inside  Threading. 


Fig.  136. 


plained,  these  shapes  vary  with  the  different  metals  that  art  being 
worked,  and  also  with  the  class  of  work  performed.  It  is  highly 
important  that  the  cutting  angles  be  correctly  formed.  While 
hand  grinding  on  the  emery  wheel  and  grindstone  is  fairly  satis- 
factory, the  best  results  can  only  be  attained  by  the  use  of  a  reg- 
ular tool-crrindiiicr  iiiachiue,  shown    in   Fig.   1.36.       In  addition. 
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tools  for  find  finishing  should  be  carefaUy  whetted  on  a  tine  i-iil 
stone. 

The  cutting  speed  is  an  imiKMtaiit  matter.  This  varies  with 
tho  sbfliw  i)f  Uie  tool,  the  quality  of  the  metal  being  worked,  and 
the  strength  of  tlie  IhUio.  The  amount  of  metal  j-emoved  in  a 
given  time  is,  tlterefoi-e,  equally  variable.  It  is  impossible  to 
make  a  toirect  estimata  of  the  time  that  a  given  pieee  of  work 
will  require  nnless  all  of  the  above  eleinentj^  are  known.  Fur 
approximate  estimates,  tlie  speeds  of  cutting  tools  nmy  be  taken 
to  range  about  as  follows : 

la  cast  h^D,  from  30  to  40  feet  per  uiinute. 

In  wDiUght  iron,  from  !2a  (o  30  foet  per  ntiuute. 

Ill  $Iee1.  from  15  to  25  feet  per  minute. 

In  brass,  from  UU  to  100  fe«t  jH'r  minule. 

Suppose  a  wrought  shaft  0  feet  long  and  4  ineheM  in  diameter 

is  to  be  turned.     Let  the  latlie  !«  capable  of  eanying  n  feed  of  3', 

inch  i>ep  revolution.    The  shaft  has  u  circumferenee  of  4x  3.1410  = 

12..56ti4  inches.     To  give  tlie  tool  a  cutting  speed  of  25  feet  ^wr 

25  X  12 
minute,  tlie  wliaft  nuist  make  yh-c^jt  —  -"^  (about)  it  volutions, 

giving  a  feed  of  ;^  x  24  =  f  inch  in  timt  interval  of  time.  At  f 
inch  per  minute,  it  will  take  (6  x  12)  -t-  j  =  96  minutes  to  take 
a  cut  the  whole  length  of  tlie  shaft.  The  amount  of  feed  is  really 
the  goveniing  element.  This  may  be  as  much  as  VV  i"t'l'  l*r  inv- 
olution, and,  for  finishing  cuts,  may  not  be  more  than  -^  ^  ^  inch.  The 
depth  of  the  cut  also  influences  the  tijue  I'equired  to  finish  a  ^veii 
piece.  Tliis  nmy  vary  from  ^^^  to  J  inch.  All  depends  on  the 
shape  of  the  tool  and  the  strength  of  the  lathe. 

The  cutting  speeds  given  above  are  what  may  l»e  used  with 
the  best  grades  of  tool  steel,  such  as  Jessop's,  but  by  using  air- 
hardening  or  tungsten  steels,  tlie  speed  of  cutting  may  be  very 
much  increased  over  tlie  values  given  alHivc.  These  high-sjieed 
steels  are  mpidly  coming  into  favor,  niori;  especially  for  heavy 
miighing  i-uts.  Not  only  are  the  cuttini;  sjH-eds  incivii.sed,  hut 
the  chip  is  made  lieavier  Ixith  in  depth  and  feed  up  Ui  the  point 
where  the  lathe  refuses  to  cany  the  load.  The  ability  of  this 
quality  of  st<*el  to  stand  high  temperatures  without  injuiy  is  the 
feature  whirh  i-iml>lrs  it  to  d'l  w<)rk  at  this  rate. 
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For  cooling  the  tool  while  performing  heavy  duty,  a  Rolutloti 
of  sal  soda  is  preferahle  to  wiit«r,  as  it  prevents  rusting  of  the 
work  and  machinery.  The  luhricunt  does  not  assist  in  the  sever- 
ing of  the  metal ;  even  with  a  most  liberal  supply,  it  is  doubtful 
if  any  ever  leaches  the  2>oint  of  the  tool.     Its  office  is  simply  to 
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keep  the  tool  cool.     If  a  tool  becomes  overheated,  the  edge  begins 
to  turn  over  and  it  becomes  dull. 

Referring  to  Fig.  120,  it  w  ill  be  seen  that  the  chip,  as  it  is 
being  removed,  presses  down  ou  the  top  face  of  the  tool.  Tliis 
pressure  increases  with  the  depth  of  cut  and  the  feed.  The  fric- 
tion would  soon  cause  a  high  temperature  in  the  tool  if  it  weit 
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not  relieved   by  the  Iiibi-icant     The  lubricant   cdols  the  tool  by  ' 
abfiorbitig  it  portion  of  the  heat,  uTid  lessens  the  aniomit  of  heat 
developed  by  reducing  the  friction  between  the  tool  nnd  the  chip.  ' 
Clean,  pure  water  is  the  oiily  lubricant  which  can  be  used  on  caefc  ] 
iron,  but  the  rapid  lusting  which  follows  its  use  makes  it  unde- 
sirable.    Brass   is   also  usually  turned  dry.     Prime  quality  lard 
oil  is  sometiniea  used  for  cooling  the  tool ;  but  the  greater  cost  j 
prevents  it«  extended  use,  unless  some  means  are  provided  to  col-  | 
lect,  separate,  and  filter  it. 


Fig.  137. 


Turning.  The  first  operation  usually  performed  on  a  pdeoe 
of  work  when  placed  iu  the  lathe  is  facing  or  squaring  up  the 
ends.  This  must  be  done  to  get  a  uniform  bearing  for  the  cen- 
ters. The  finishing  of  all  surfaces  at  or  nearly  at  right  angles  to 
the  axis  of  the  work  is  classed  as  facing,  and  the  side  tool  (Fig. 
127)  is  usually  employed.  For  roughing  cuts  the  cutting  face  of 
the  tool  is  placed  at  a  slight  angle  to  the  work  surface  in  order 
to  remove  the  metal  quickly;  but  for  finishing  cuts  it  is  placed 
nearly  flat  against  tlie  work,  so  that  a  light  thin  chip  may  be 
taken. 

Turning  the  cylindrical  portions  of  the  work  is  next  done  by 
the  use  of  the  diamond  point  or  similar  tool.  Roughing  cuts  are 
taken  to  within  about  ^^  inch  of  the  finished  size,  and  a  ^ne 
finishing  cut  reduces  the  work  to  the  exact  diameter.  For  rough- 
ing cut-s  fniiiniuu  ciilipei-H  iihi)ul<l  lie  cuiplnycd,  while  for  finishing 
cuts,  tlie  niiciniiict<.'f  call;>ci-  is  must  suitable.  All  measurements 
must  be  taken  with  the  lathe  at  rest,  as  motion  of  the  work 
rendens  close  calipering  impossible. 
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Turning:  a  Taper.  It  frequently  happens  that  a  piece  must 
be  turned  tapering ;  that  is,  one  end  is  to  have  a  greater  diameter 
than  the  other.  There  are  three  ways  of  accomplishing  this 
result:  setting  the  dead  center  over,  the  use  of  the  compound 
rest,  and  the  use  of  the  taper  attachment  Setting  the  dead  cen- 
ter over  is  the  most  common  miethod.  Provision  is  generally 
made  for  moving  the  dead  center  laterally  towards  the  front  or 
rear  of  the  bed  according  to  the  taper  required.  With  the  dead 
center  set  over,  the  tool  will  be  at  unequal  distances  from  the  live 
and  dead  centers,  because  its  movement  is  parallel  to  the  axis  of 
the  lathe.  This  is  shown  in  Fig.  137.  The  piece  to  be  turned  is 
placed  upon  the  centers  A  and  B,  and  the  dead  center  is  moved 
from  the  axis  a  distance  equal 
to  the   difference   between   the  B 

radii  A  D  and  B  C.     This  leaves  A 

the  side  D  C  parallel  to  the 
center  line  of  the  lathe;  hence 
the  tool  will  be  fed  along  this 
line.     The   objection   to   doing  U  ^ 

work  by  this  method  is  that  the  Fig.  188. 

lathe  centers   do  not  have  full 

bearings  at  the  ends  of  the  work,  and  the  center  holes  are  likely 
to  wear  out  of  their  true  positions. 

If  the  toper  is  to  be  turned  on  a  piece  held  by  a  mandrel,  or 
if  the  taper  is  to  extend  but  a  part  of  the  total  length  of  the  work, 
the  amount  of  set-over  for  the  dead  center  must  be  calculated  in 
the  same  manner  as  though  the  taper  were  to  extend  the  whole 
length  of  the  mandrel  or  work.  In  other  words,  tlie  amount  of 
set-over  for  the  dead  center  is  determined  by  the  distance  between 
the  centers  and  the  rate  of  taper. 

For  example :  Suppose  the  mandrel  in  Fig.  138  to  be  16 
inches  long,  and  the  piece  of  work  C  D  which  is  to  be  turned 
tapering,  is  4  inches  long ;  suppose  also,  that  the  diameter  at  D 
is  to  be  \  ii\ch  smaller  than  at  C.  Then  for  one  inch  of  length,  the 
difference  in  diameters  would  \ye  one-fourth  of  \  inch,  or  -^^  inch, 
and  for  a  length  of  16  inches  it  would  be  sixteen  times  -^^  inch,  or 
1  inch.  Since  the  set-over  is  equal  to  the  difference  of  the  radii, 
the  set-over  for  the  16  inches  would  be  one-half  of  1  inch,  or  i  inch. 
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Thia,  then,  would  be  the  setrover  for  the  work  under  consideta- 
tiuii,  and  for  any  piece  to  be   tupered  tit   the  rate  of  i  inch  in  4  i 
inches  when  held  on  a  16'tDcli  mandrel. 


EXAMPLES   FOR   PRACTICE.  I 

1.  A  tapered  bushing  3  inches  long  and  of  4  and  4J  inches 
outside  lUiimetare  is  driven  on  a  12-inch  mandrel  for  turning. 
How  much  must  the  dead  center  be  set  out  of  line  in  order  to  do 
the  work'i^  Ano.  1  inch. 


Fig.  139. 

2.  A  connecting  rod  6  feet  long  is  to  be  turned  tapering 
from  the  center  to  the  neck  back  of  the  stub-ends.  This  distance 
is  26  inches.  The  diameter  at  the  center  is  to  be  3  inches,  and 
at  the  neck  2i  inches.  How  much  offset  must  be  given  to  the 
dead  center?  Ans.  .692 -f- inches. 

3.  A  shaft  had  a  taper  2  feet  long  turned  on  one  end.  The 
large  end  of  the  taper  was  4  inches  in  diameter,  and  the  small  end 
was  3  inches  in  diameter.  The  dead  center  was  set  over  1  inch. 
How  long  was  the  shaft?  Ans.  4  feet. 

The  machinist  generally  sets  over  the  dead  center  as  acca- 
rately  as  possible  and  takes  a  roughing  cut.  The  taper  is  then 
tested  by  a  careful  comparison  of  the  diametei-s  or  by  trying  it  in 
a  tjipered  linio  of  the  proper  angle,  and  the  center  set  more 
accurately.  Setting  over  the  dead  center  does  not  give  accurate 
results,  on  account  of  the  fact  that  the  centers  do  not  have  a  truo 
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bearing  at  the  ends  of  the  work.  The  shorter  the  work,  compuod 
mth  the  amount  of  aetrover,  the  greattir  the  inaccuracy. 

Ill  turning  !i  taper  with  the  compound  rest,  tlie  work  may  be 
held  in  a  chuck,  on  the  facephite,  or  between  tlte  cent«r8.  The 
compound  rest,  Fig.  139,  is  then  set  at  such  an  angle  that  the 
direction  of  the  motion  of  the  tool  will  coincide  with  the  required 
taper.  Several  methods  are  employed  fur  this  adjustment  of  tlie 
rest.  The  tool  is  Uien  fed  to  the  work  by  means  of  the  feed 
handle  attached  to  the  compound  rest. 

The  taper  attachment.  Fig.  140,  is  in  tlie  form  of  a  guide 
which  is  bolted  to  the  back  of  the  lathe.  It  can  be  set  at  any 
desired  angle  with  the  axis  of  the  lathe,  the  limit  usually  being  a 
taper  of  about  three  inches  per  foot.     The  guide  is  graduated  so 


that  calculations  based  on  the  length  of  tlie  work  are  unnecessary. 
A  slide  moving  with  the  guide  is  attached  to  the  cross-feed  of  ^e 
carriage.  Tlie  cross-feed  is  loosened,  and,  while  the  carrii^  is 
moved  by  the  feeding  mechanism,  the  tool  is  moved  in  or  out 
according  to  the  direction  of  the  taper. 

One  of  the  most  important  points  to  be  observed  in  turning 
tapers  is  to  have  the  cutting  point  of  the  tool  exactly  level  with 
the  centers.  If  this  is  not  done,  the  work  will  not  be  truly 
conical,  and,  furthermore,  the  rate  of  taper  will  vary  with  each 
succeeding  cut. 
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In  case  an  internal  and  an  external  taper  ai-e  to  be  turned  bo 
as  to  form  a  fit,  tlie  internal  taper  should,  if  tlie  character  of  tlie 
work  will  i>ermit,  be  made  first.  After  this  has  Ijeen  done,  Uie 
external  taper  shonid  he  turned  and  tested  several  times  during 
the  process.  The  fxttmal  taper  is  first  turned  as  accurately  as 
possible,  taking  care  tliat  the  piece  be  made  a  trifle  too  lai^. 
Draw  a  chalk  line  on  the  external  taper,  from  one  end  to  the 
other,  press  the  twpers  together,  and  give  one  of  them  a  slight 
twist.  On  separating  tlie  tapers,  the  rubbing  of  the  chalk  will 
show  where  the  work  was  in  contact,  and,  by  resetting  the  latlie 
and  repeating  the  process,  a  verj'  accurate  fit  can  be  obtained. 

Shafting  is  usually  turned  -j^g  inch  less  than  the  nominal 
diameter.  For  instance,  instead  of  a  shaft  2  inches  in  diameter, 
one  of  l\l  inches  in  diameter  is  used.  The  reason  is  thatironof  a 
nominal  diameter  of  2  inches,  usually  j'j  invU  over  size,  can  be  used. 
Before  turning  a  length  of  shafting,  Uie  rough  bar  should  Ixi  care- 
fully stniightened.  After  the  center  holes  have  been  drilled  and 
the  piece  placed  in  the  latlie,  the  work  can  be  turned  and  the 
'  eccentric  portions  marked  witli  elmlk.  Wl»-»  tliis  lias  been  done, 
the  biir  should  be  removed  fi-otji  thtj  liitlic  ;nnl  .-ijiniiig  biick  into 
true  alignment.  It  is  well  to  take  tno  cuta  for  finishing  shafting. 
One  for  the  roughing  cut  and  one  \eryfine  finishing  cut.  The 
tool  for  the  latter  part  of  the  work  should  be  kept  flooded  in  oil, 
or  a  solution  of  sal  soda.  If  the  work  is  light,  a  tool-holder, 
carrying  both  the  roughing  and  the  finishing  tools,  should  be  used. 
This  makes  it  possible  to  do  the  work  in  what  practically  amounts 
to  the  time  of  one  cut 

As  a  length  of  shafting  is  likely  to  spring  under  the  pressure 
of  the  tool,  some  mediod  of  pi-eventing  sucli  action  must  be 
employed,  A  steady  i-est  can  be  used.  It  is,  hdwevei-,  incon- 
venient and  must  be  frequently  moved  or  it  will  stand  loo  far,  at 
times,  from  tlic  tools.  Furthermore,  as  llif  rougli  bjir  will  neitlier 
be  truly  round  nor  concentric  with  the  centers,  it  is  necessary  to 
turn  "  spots  "  for  the  center  rest.  This  operation  takes  consider- 
able time,  owing  to  the  fact  that  very  light  cuts  must  be  taken  in 
order  to  avoid  springing  the  bar.  The  best  method  is  to  have  a 
ring  attached  to  the  tool-holder;  the  internal  diameter  of  this  ring 
is  tiiJit  of  thi'  liiiislicd  shaft.     It  i>-  slipjifd  over  the  t;iil-st.>ck  cen- 
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ter  and  follows  the  finishing  tool.  It  must,  of  course,  be  rigidly 
fastened  to  the  tool -holder.  In  this  way  the  shaft  is  supported 
close  to  the  tools;  the  ring  also  serves  as  a  guage  to  measure  the 
diameter  of  the  shaft.  If,  for  any  reason,  the  tools  turn  to  a 
larger  diameter  than  the  inside  of  the  ring,  notice  is  immediately 
served  upon  the  workmen  to  that  effect  by  the  binding  in  the 

ring. 

Eccentric  Turning:.  Up  to  this  point,  the  work  described  for 
the  lathe  has  been  of  the  kind  in  which  the  turning  is  done  on 
work  concentric  with  the  lathe  centers.  There  are  other  classes 
of  work  that  are  offset  and  for  which  special  provisions  must  be 


Fig.  141. 

• 
made.     Of  course  the  surface  being  turned  must  always  be  con- 

centric  with  the  spindle. 

Tlie  turning  of  crank  shafts  presents  conditions  where  there 

are  two  cylindrical  portions,  each  parallel  to  and  concentric  with 

the  lathe  axis  while  being  turned,  but  eccentric  with  regard  to 

each  other.     In  Fig.  141  such  a  shaft  is  shown.    This  may  be 

either  a  casting  or  a  forging.     If  cast,  it  is  common  to  have  a 

small  web,  shown  at  J,  in  the  original  casting  to  take  the  thrust 

of  the  centers  while  turning  the  shaft  portions  C  and  D.  ^  After 

centering  the  work  at  A  and  B,  the  shaft  is  placed  in  the  lathe, 

and  the  ends  A  and  B  squared  up,  and  surfaces  C  and  D  roughed 

out.     If  a  forging  is  being  worked,  it  will  be  neccessary  to  insert  a 

wooden  block  at  the  point  J.     Two  lugs  or  ears  K  are  provided 
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to  Jit  tightly  uu  the  rough  turned  shaft,  the  distance  from  the 
center  (if  I.  to  ihi' cfiiUr  M  being  t-qual  tn  oiie-hiilf  lb.- throw  of 
the  crank,  Theee  lags  are  attached  to  the  ends  of  the  shaft,  so 
thiit  a  liin'  joining  the  centera  M  will  pass  through  the  axis  of 
the  craob  pin  G.  JJlocka  are  now  placed  between  the  lugs  and 
the  crank  pin,  the  web  or  bloct  at  J  removed,  and  the  pin  turned 
on  the  new  centers  MM.  The  crank  pin 
G  ia  roughed  aiid  finished,  and  the  shoul- 
ders II  and  I  faced,  at  this  time.  Eemov- 
ing  the  lugs  and  blocks,  the  surfaces  C 
and  D  arti  tinished  and  the  shoulders  E 
and  F  faced  on  the  centers  A  and  B.  If 
the  shaft  ia  of  any  coueiderablo  weight,  it 
should  be  counter-balanced  by  attaching 
weights  to  llie  faceplate.  The  reason  for 
not  finishing  the  shaft  at  the  first  opera- 
tion, la  that  removing  the  scale  from  a  casting  or  the  outer  skin 
from  a  forging  releases  internal  stresses  which  are  likely  to  change 
the  shape  of  the  piece.  As  a  general  rule,  a  piece  of  work  should 
be  completely  roughed  out,  if  possible,  before  any  finishing  cuts  are 
taken.  The  change  in  shape,  due  to  the  removal  of  the  outer  por- 
tion of  the  stock,  does  not  all  take  place  immediately;  and,  il  very 
accurate  reenlts  are  desired,  it  is  good  practice  to  allow  the  rooghed 
work  to  stand  some  time  before  finishing. 


Fig.  142. 


FiK- 1«. 

Turning  an  Eccentric,  j\s  far  as  its  use  in  mechanism  is 
concerned,  an  eccentric  is  the  equivalent  of  a  small  crank,  but  It 
requires  very  different  treatment  in  the  lathe.  In  the  first  place, 
it  is  not  usually  made  solid  with  the  shaft,  but  ia  a  comparatively 
thin  casting  or  forging  which  is  fastened  to  the  shaft  by  set 
screws  or  keys.     The  general  shape  is  shown  in  Pig.  142,  and 
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consists  of  the  eccentric  projHjr  and  a  boss  to  reinforce  the  shaft 
hole  ;  this  boss  usually  being  on  but  one  side  of  the  casting.  In 
Fig.  142,  A  is  the  center  of  the  eci;entric  and  B  the  center  of  the 

shaft 

Small  eccentrics,  especially  those  having  a  throw  less  than  the 
diameter  of  the  shaft,  may  be  finished  in  the  following  manner : 
The  casting  is  grasped  in  an  indejiendent  chuck,  one  having  four 
jaws  being  prefeiTed,  with  tho  boss  or  hub  running  as  nearly  true 


Fig.  144. 

as  possible.  The  projecting  face  of  tlie  eccentric,  together  with 
the  outside  and  face  of  tlie  hub,  may  be  machined,  and  the  hole 
can  be  trued  up  with  a  boring  tool  or  by  the  use  of  the  chuck  drill 
and  reamer.  In  either  case,  it  is  advisable  to  obtain  the  exact 
diameter  by  using  a  finisliing  reamer.  The  eccentric  may  now  be 
placed  on  a  special  mandrel,  shown  in  Fig.  143,  which  has  an 
extra  set  of  center  holes.  A  line  connecting  tliese  holes  is  paral- 
lel to  the  axis  of  the  mandrel,  and  at  a  distance  from  it  equal  to  one- 
half  the  throw  of  the  eccentric.  It  is  <>bvious  tliat  this  mandrel  is 
the  c(^uivalent  of  the  shaft  and  lugs  used  in  turning  solid  crank 
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pins.  On  these  extra  centers  the  outside  of  the  eccentric  may  be 
turned,  and,  on  the  regular  ceaters,  the  back  or  plain  face  can 
also  be  finished.  This  completeB  the  eccentric  as  far  as  the  lathe 
is  concerned. 

Large  and  heavy  eccentrics  are  preferably  finished  on  a  facje- 
plate.  The  plttin  side  or  back  having  been  previously  oiacliincd, 
the  eccentric  is  clamped  to  the  faceplate  with  the  hub  rniuiing 
true,  shown  dotted  in  Fig.  144,  and  the  face  of  the  bub  and  tlie 


hole  are  finished  as  in  the  cose  of  the  small  eccentric  held  in  the 
chuck.  The  diameter  of  the  hole  being  comparatively  large,  a 
mer  is  not  generally  used.  The  eccentric  is  now  moved  on  the 
faceplate  a  distance  equal  to  one-half  the  throw  of  the  ecrentric, 
bringing  the  outer  surface  concentric  with  the  lathe  axis,  as  shown 
by  the  full  lines,  and  the  clamps  placed  so  as  to  allow  the  outside 
to  be  turned.  It  is  often  necessary  to  balance  the  work  by  coun- 
terweights, in  order  to  have  the  lathe  run  steadily.  This  ia  shown 
•  at  D  in  Fig.  144. 


Fig.  140. 


Boring.  The  boring  of  holes  sometimes  calls  for  a  length 
and  strength  of  tool  that  cannot  be  readily  attained  with  the  ordi- 
nary boring  tool.  A  great  deal  of  sncU  boring  is  done  with 
douhlti-headed  tools.  These  tools  are  held  in  bars  and  cut  at 
each  cud.     An  ordinary  form  of  such  a  tool  is  shown  in  Fi^.  145. 
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The  tool  A  is  turned  and  fitted  so  that  when  placed  in  tJie  bar  it 
is  central  with  the  centers  of  the  latter.  It  is  held  in  position  l^ 
the  kej  B.  It  cats  at  each  end.  Such  a  tool  may  be  made 
to  do  very  rapid  work.  It  is  extensively  used  for  boring  in 
places  where  a  piece  of  work  muBt  be  duplicated  a  ^reat  nnmber 
of  times. 

Tools  of  this  character  are  used  for  finishing.  After  the  cut 
has  been  started  the  tool  should  not  he  stopped  until  the  cut  has 
been  completed.  If  it  is  stopped  there  will  be  a  ledge  in  the  bore 
at  that  point.  The  reason  for  this  is  due  to  the  springing  of  the 
metal  and  the  contraction  due  to  cooling  while  at  rest  The  tools 
used  for  fiiiishing  usually  have  a  broad  surface.     Those  used  for 


Fig.  U7.. 


the  roughing-cut  are  narrower ;  they  wear  more  rapidly  than  the 
finishing  tools  and  are  usually  adjustable.  A  roughing  tool  may 
be  held  by  a  wedge  as  shown  at  B.  Such  a  tool  is  placed  in  iK»3i- 
tion  and  the  wedge  tightened  just  enough  to  bold  it  The  adjust- 
ment of  the  tool  is  then  obtained  by  tapping  it  with  the  hammer. 
It  is  tlien  held  firmly  by  driving  the  wedge.  An  excellent  exam- 
ple of  this  style  of  work  is  found  in  the  boring  of  engine  cylin- 
ders. Special  machines  are  used  for  such  work.  The  greater 
portion  of  it,  however,  is  done  in  an  ordinary  lathe  with  a  boring 
bar,  as  shown  in  Fig.  146.  It  consist^i  of  a  heavy  bar  A,  upon 
which  there  is  a  stiff  traveling  head  B.  Tlie  latter  carries  the 
tool  C,  which  may  or  may  not  he  capable  of  a  transverse  adjust- 
ment.    The  head  moves  longitudinally  over  the  bar  and  is  held, 
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adjuBted  and  fed  by  the  eorew  D.  At  one  end  of  the  screw  th«te 
is  a  star  wheel,  E,  by  which  it  is  turned.  As  the  Iwr  revijlves. 
one  arm  strikes  against  h.  stop  at  e;ieh  revolution.  This  turns  the 
screw  by  aa  amount  projjortional  v^  the  number  of  arms  in  the 
star.  For  example,  if  there  nrc  six  anus  in  the  et^ir,  tlie  Iittter 
will  be  turned  one-sixth  of  a  revolution  for  each  revolutjoii  of  tJic 
boring  biir.  An  the  screw  turns,  it  nioves  the  head  aloiifi  tbu  bar 
by  an  aniount  proportional  to  the  jtitch  of  its  thread  and  tlie  rays 
or  arms  in  the  star.  This  forms  the  feed  of  the  kwl.  For  exam- 
ple, if  a  star  hits  four  arms,  and  is  keyed  to  a  scitw  of  e^ht 
threads  to  the  inch,  then  for  each  revolution  of  the  bar  Uie  bead 
will  \>ti  advanced  j'j  of  an  incli,  Auotlier  form  of  boring  I>ar  is 
nhown  ill  Fig.  147. 

Boring  bars  with  iixed  tools  are  also  used.  In  such  cases  the 
work  is  caused  to  travel  l^jneath  the  bar  as  it  is  turned.  A  case 
of  this  kind  occurs  in  the  boring  out  of  brasses  for  railroad  cars. 

It  may  be  stated  that,  in  general,  all  metal  work  should  be 
finished  in  the  pfmitiou  which  it  is  eventually  tii  ocf-upy.     This  is 


Fife-,  148. 

due  to  its  tendency  t«  spring  out  of  shape  imder  the  influence  of 
its  own  weight.  For  small  articles  this  influence  is  inappreciable. 
For  large  pieces  it  is  sometimes  quite  apparent 


SCREW   CUTTINO. 

The  tools  used  f<)r  cutting  tlireads  are  called  ncreuhcuttinff 
tools.  The.s)^  tools  ure  used  in  the  liithe  in  the  same  manner  aa 
the  diamotul  jioiiit  iind  round-no!<ed  tools.     Tlie  cutting  edge  of 

the  tool  niiist  he  nf  ihc  same  shiiiie  as  the  space  between  the  fin- 
ished thiTinls. 

Thni!  ;irr  live  i\\».'n  "f  screw  tliremls  commonly  n.sed  in  this 
country:    Ihe    \'  tlnviid,  shown   in    Fig.    148,  bits  the  form  of  an 
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equilateral  triangle  with  an  angle  of  60°.  It  is  sharp  at  the  top 
and  bottom.  This  thread  is  difficult  to  cut  because  of  the  trouble 
experienced  in  keeping  the  point  of  the  tool  sharp. 

A  moditied  form  of  V  thread,  known  as  the  Sellers,  the 
Franklin  Institute,  or  the  United  States  Standard,  is  shown  in 
Fig.  149.  This  thread  has  an  angle  of  60°,  with  the  top  and  bot- 
tom flattened  for  one-eighth  of  its  depth. 

It  is  stronger  than  the  V-shaped  thread,  [^      [~1      pH      f 

and  permits  greater  accuracy  in  cutting.      //'Z  ' 

Another   form  in  common    use    is      f-'''//  ■  '■"'//'//& 

the  square  tliread.     This  is  shown   in     //4///py'/'!"'/y V'^^^^^ 
Fig.    150.     The    thread  and  space  are 
of  the  eanie  width.     These  screws  are 
used  when  heavy  work  is  done,  such  as  in  jack-screws  and  presses. 

Tlie  Whitworth  thread  is  similar  to  the  United  States  Stand- 
ard ;  the  slight  differences  are  iis  follows  :  the  sides  form  an  angle 
of  55°  instead  of  60°,  and  the  top  and  bottom  are  rounded  instead 
of  flat. 

The  fifth  type,  the  Acme  thread,  is  similar  to  the  Hquaro 
form.  The  difference  is  that  the  sides  incline  14^°  from  those  of 
the  square  thread.     This  form  of  thread  is  much  used  for  lathe 
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lead  screws  and  for  giving  motion  to  sliding  parts  of  flne  instru- 
ineiitR,  l>eoiiuse  the  thread  is  much  stronger  than  the  square  form, 
and  the  hist  motion  can  be  taken  up  by  simply  closing  the  nut 
halves  nearer  together. 

The  tool  used  for  cutting  square  threads  is  shown  in  Fig. 
151.  It  is  of  the  proper  thickness  at  the  cutting  edge,  but  is 
somewhat  narrower  back  of  this  point.  The  sides  of  the  tool  are 
inclined  to  tlie  body,  as  shown  at  A  B,  Fig.  151 ;  the  amount  of 
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this  inclination  varies  with  the  pitch  of  the  thread  and  the  diam- 
eter of  the  piece  on  which  the  thread  is  to  be  cnt.  To  find  the 
inclination,  draw  an  indefinite  straight  line  A  C  and  at  right 
angles  to  it  dniw  (.'  D.  Make  tlie  length  of  0  D  fi|iial  to  the 
circnniference  of  tlie  tJiread  to  be  cut,  measured  at  the  itwt  of 
liie  tiiread.  On  A  0  lay  off  from  C  a  tUatance  (IJ  C)  equal  to 
the  pitch;  tlien  draw  B  I>.  This  hne  will  represent  the  angle 
of  the  side  of  the  threa<I.  The  angle  of  the  side  of  Uie  cutting 
tool  must  I)e  a  little  greater  for  cleantnce. 

For  cutting  msidf  threads, 
the  shape  of  the  cutting  edge  of 
the  tool  should  1»  tlie  same  aa  for 
cutting  an  outside  thread,  but  the 
tool  must  1)6  made  so  that  the  cut- 
ting edge  alone  touches  the  work. 
This  is  accomplished  bj'  bending 
tlie  ttioi  as  shown  in  Fig.  153  and  giving  it  coneiderable  clear- 


Standard  Screw  Threads.  When  screw  thrends  are  to  be 
cnt,  the  pitch  used  depends  upon  the  outside  diameter  of  the  bar. 
A  standaiii  has  been  adopted  by  all  of  tlie  leading  technical 
societies  of  the  United  States,  and  is  known  as  the  United  States 
Standard.  The  table  (see  opposite  pf^e)  gives  the  outside  di- 
ameter of  the  screw  from  i  incit  to  6  inches  in  diameter,  with 
the  number  of  threads  per  inch  to  be  cut. 

In  placing  the  tool  for  any  form  of  thread,  the  point  of  the 
tool  must  l)e  exactly  level  with  the  center,  and  a  line  lit  right 
angles  to  the  axis  of  the  lathe 
must  bisect  the  angle  of  the 
tool  point.  In  order  diat  these 
conditions  may  be  fulfilled,  a 
thread  or  center  gauge.  Fig.  154, 
is  used.       lu  this  tool,  the  an-  Fip.  ifA. 

gles.  A,  B,  and  C  are   made  ex- 
actly CO",     Tlie  two  opposite  sides  are  parallel.     The  angle  A  at 
the  end  is  used  for  grinding  the  tool.     The  sides  of  the  latter 
are  made  to  touch  all  along  the  edge.     For  setting  the  tool,  the 
upper   parallel  side  is  held  against  the  face  of    the  work   in  a 


y^ 


MACHINE   SHOP    WORK. 


103 


horizontal  position.  The  tool  is  then  set  so  that  its  sides  ton<'li 
aiong  the  edges  of  the  notch  B.  The  angle  C  is  used  to  gauge 
the  thread  after  it  is  cut. 


UNITED  5TATE5  STANDARD  5CREW  THREADS. 
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The  measurement  of  fine  threads  is  a  difficult  matter  where 
an  ordinary  rule  is  used  and  the  threads  between  the  inch  marks 
are  counted.  For  this 
purpose  a  pitch  gauge, 
Fig.  155,  is  used.  The 
gauges  are  short  screw 
sections  on  thin  sheets  of 
metal.  To  ascertain  the 
pitch  of  any  thread,  set 
the  y:jniLres  over  it  sue- 
ressivelv  until  one  is 
found  that  exactly  fits. 
The  figures  stamped 
thereon  will  give  the  num- 
ber of  threads  per  inch. 

The  cutting  of  a  thread  demands  that  there  shall  be  a  certain 
definit-e  nitio  of  motion  between  thc^  rotation  of  the  work  and  the 
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travel  of  the  carriage.  When  a  right^banded  screw  is  to  be  cut, 
the  carriage  travels  from  right  to  left  For  example,  if  a  screw 
having  a  pitch  of  i  uich,  or  nitli  four  threads  to  ihe  inch,  as  it  is 
usually  expressed,  is  to  be  cut,  tiie  spindle  must  make  four  revolu- 
tions while  the  carriage  is  moving  one  inch  along  the  bed.  If  the 
screw  is  to  have  eight  threads  to  th)!  inch,  the  spindle  must  make 
eight  revolutions  to  each  inch  of  motion  of  tlie  carriage  or  tool ;  if 
six  threads,  then  six  revolutions  to  the  inch  of  motion,  eU:. 

If,  then,  the  lead  screw  is  cut  with  four  threads  to  the  inch,  it 
is  evident  that  the  speed  of  rotiiti'in  of  the  spindle  and  of  the 
strew  muRt  be  the  same,  in  order  to  cut  a  screw  of  four  threads  to 
the  inch.  For  each  revolution  of  tlio  lead  scn^w,  the  carriage 
moves  the  distance  of  the  pitch  of  the  same  or  i  inch.  Hence, 
tJie  gears,  J  and  L,  Fig.  91,  must  have  the  same  number  of  teeth. 
When  a  screw  of  eight  threads  per  inch  is  to  be  cut,  the  spindle 
must  make  twice  as  many  revolutioiis  as  the  lead  screw.  Then, 
for  each  revolution  of  the  spindle,  the  lead  screw  makes  half  a 
revolution  and  thua  moves  the  carringe  i  inch.  In  this  case,  the 
screw  geai"  L  must  have  twice  as  many  teeth  as  the  spindle  gear 
J.  For  six  threads,  the  nitio  of  revohitinns  Iwtvvccu  sjHndle  and 
screw  is  li  to  1.  This  requires  li  times  as  many  teeth  in  the 
screw  gear  L  as  in  the  spindle  gear  J. 

The  rule  for  finding  the  gears  to  be  used  on  the  spindle  and 
lead  screw  is:  Multiply  the  number  of  threads  on  the  lead  screw 
and  the  number  of  threads  to  be  cut  by  the  same  number;  the 
products  will  equal  the  numbers  of  teeth    on   the   gears   to   be 


Suppose  the  lead  screw  has  four  thmads  per  inch,  and  ten 
threads  per  inch  are  to  be  cut.  Multiply  both  numbera  by  any 
convenient  number,  such  as  3.  Then  the  gears  should  have  12 
teeth  and  30  teeth. 

Let  a  =  the  number  of  threads  per  inch  on  the  lead  screw, 
b  =  the  number  of  threads  per  inch  to  be  cut, 
c  =  a  convenient  number, 
a  c  =  the  number  of  teeth  of  gear  on  spindle, 
b  e  =  the  number  of  teeth  of  gear  on  lead  screw. 
If  tJie  gears  thus   found   ai-e   not  at  hand,  multiply  by  some 
other  nnmtier.     Thus,  supjiose  peai-s  of  30  and  12  teetii  were  not 
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available,  multiply  4  and  10  by  4  or  by  5  or  any  other  number 
that  would  give  the  number  of  teeth  on  the  gears  at  hand. 

Another  way  to  find  the  gears  is  to  remember  that  the  num- 
ber of  threads  to  be  cut  is  to  the  number  on  the  lead  screw  as 
the  number  of  teeth  on  the  screw  gear  is  to  the  number  of  teeth 
on  the  spindle  gear. 

EXAMPLES  FOR   PRACTICE. 

(1)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  9  threads  to  the 
inch?  If  one  gear  has  24  teeth,  how  many  should  the  other 
have?  j^  (1:  2i 

'  1 54  teeth. 

(2)  The  lead  screw  has  a  ptch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  out  a  screw  with  16  threads  to  the 
inch?  Ans.  1:  4. 

(8)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  12  threads  to  the 
inch?  Ans.  1:  4. 

In  these  cases  the  actual  number  of  teeth  on  the  gears  to  be 
used  is  obtained  b^  multiplying  the  ratio  by  some  common 
multiple.  Thus  in  example  1,  multiplying  by  10  gives  40  teeth 
for  the  spindle  gear  and  90  for  the  screw  gear.  In  example  2, 
multiplying  by  20  gives  20  teeth  for  the  spindle  and  80  for  the 
screw  gear ;  and  the  same  result  is  obtained  by  using  the  same 
multiple  for  example  8.  . 

Every  screw-cutting  lathe  is  provided  with  a  set  of  gears 
from  which  selections  can  be  made.  In  order  to  facilitate  the 
choice  of  the  gears  to  be  used,  a  gear  table  is  usually  cast  in 
raised  letters  and  screwed  to  the  front  piece  of  the  headstock. 
This  table  shows  the  gears  to  be  used  for  cutting  such  threads  as 
may  be  enumerated  on  the  table. 

It  is  sometimes  necessary  to  cut  a  screw  for  which  there  are 
no  gears  to  make  a  direct  connection.  This  necessitates  the 
compounding  of  the  gears  on  the  intermediate  spindle  to  replace 
the  single  gear.  This  is  done  as  shown  in  Fig  156,  in  wnich  A 
represents  the  spindle  and  B  the  screw.    Supposey  with  a  lead 
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Bcrew  baring  three  tlireads  to  tlie  iiich,  it  is  desired  to  cut  a  screw 
having  thirteen.  This  makes  the  ratio  of  teeth  on  the  spindle 
gear  to  those  on  the  screw  as  3  to  13.  The  work  can  be  done 
with  spindie  geais  having  15,  30,  or  45  teeth  with  screw  gears 
having  60,  130,  and  195  teeth  respectively.  If  it  is  found  that 
I  tiiere  are  no  gears  having  15,  45,  130,  or  195  teeth  on  hand,  comr 
I  pounding  must  be  resorted  to.     To  determine  the  gears  to  ba 
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it  roust  be  remembered  that  the  prodMct  of  the  numbers  of 
teeth  in  the  driving  gears  mutt  he  to  the  product  of  the  numbers 
qf  teeth  of  the  driven  geari,  as  the  number  of  threads  per  inch 
on  the  lead  screw  is  to  the  number  to  be  cut.  In  tliis  case  it  is 
as  3  to  13.  Multiply  each  of  these  figures  by  any  convenient 
multiple.  In  the  example  in  hand,  let  the  multiple  be  200.  Then 
3x200       3x2x2x2x5x5 


13  X  200  ~  13  > 


<2x2x5  x5' 


Select  from  the  factors  thus  obtained  two  sets,  eaoh  of  which, 
when  nniltiphed  together,  will  give  products  equal  to  the  number 
of  teeth  that  are  on  hand. 
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Thus  in  the  numerator  we  may  take  3x2x5  and  2x2x5, 
giving  30  and  20  as  gears  that  are  to  be  used  as  the  spindle  and 
intermediate    drivers   re- 
spectively. 

For  the  denominator 
;afee  13  X  5  and  2x2x5 
X  'Z  or  65  and  40,  for  the 
driven  gears  of  the  inter- 
mediate stud  and  the  screw 
respectively.  Placing  these 
in  position  aa  in  Fig.  157, 
we  have, 

Gear  A  with  30  teetli. 
Gear  C  with  65  teeth. 
Gear  D  with  20  teeth. 
Gear  B  with  40  teeth. 
It  is  desired  to  cut  a 
screw  with  11  threads   to 
the  inch  on  a  ladie  having 
a  lead  screw  with  a  piteh 
of  i    inch.     The    gears 
itvailahle  have  30,  40,  45,  50,  55,  60,  65,  70,  80,  90,  and  100  teeth 
respectively.     What  ones  are  to  be  used  and  where  ? 

r  Spindle  40  teeth 

I  Intermediate  driven  55  teeth 
j  Intermediate  driver  50  teeth 
L  Screw  100  teeth. 

Many  screw-cutting  lathes  are  not  made  with  aa  extension  of 
the  spindle  to  receive  the  first  gear,  hut  a  short  shait  or  stud  pro- 
jeets  fmui  the  headstock  for  this  purpose.  This  stud  is  geared  to 
the  .spindle,  and  the  ratio  of  this  gearing  must  be  considered  when 
rnliiulnting  the  gears  for  screw-cutting.  For  example,  suppose  we 
wish  to  cut  twelve  threads  per  inch  in  a  lathe  having  a  lead  screw 
« itli  eight  threads  per  inch  and  a  ratio  of  two  to  one  between  the 
spindle  and  the  stud.  In  other  words,  the  stud  runs  half  as  fast 
iis  tlie  spindle.  As  we  liave  seen  in  the  previous  examples,  the 
ratio  between  the  spindle  and  the  lead  Bcnw  must  be  12  to  8. 


Fig.  167. 


Ans. 
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Ttie  first  gear  ia  uot  attached  to  the  spindle,  but  to  the  stud, 
which  makes  six  revolutions  to  twelve  of  the  spindle,  Therefoi'C, 
the  ratio  between  the  stud  and  the  lesd  arrew,  where  the  gcfirs 
lire  actually  applied,  must  t)e  (i  to  8.  Multiplying  by  6  will  ^ve 
3(J  and  48  as  the  numl>er  of  teetli  in  two  geais  which  may  be 
used. 

In  general,  the  data  that  nitiitt  bo  given  to  calculate  the 
change  genre  for  screw-cutting  arf  the  nninlier  of  thretuls  per  inch 
tit  be  cut  on  tlie  work,  the  numlier  of  threads  per  inch  on  the 
lead  screw",  and  the  speed  ratio  between  the  spindle  and  the  stud, 
if  II  stud  is  used. 

Tlie  following  examples  may  be  taken  aa  applying  to  either 
right-  or  left-hand  threads.  The  change  of  direction  in  the  travel. 
of  the  carriage  is  obtaiite<t  by  intro<lucing  an  extra  gear  into  the 
tmiTi,  thus  reversing  the  rotation  of  the  lead  sci-ew. 

Tlie  forefjoing  description  of  the  method  of  cutting  ft"V" 
thread  will  suffice  to  illustrate  the  cutting  of  any  form,  with  the 
sliglit  changes  which  are  necessary  in  the  other  forms  dne  to  the 
shape  of  the  tool  employed. 

To  cut  an  onliuHry  V  thread,  a  V-pointed  titol  having  an 
angle  i>f  60°,  and  set  so  that  a  line  at  right  angles  to  the  lathe 
axis  bisects  the  tool  angle,  and  also  set  exactly  at  the  height  of 
the  center,  is  caused  to  move  at  a  constant  rate  parallel  to  the 
work  surface,  while  the  work  ia.  being  uniformly  rotated. 

The  relation  between  the  rotary  motion  cif  the  work  and  the 
lateral  movement  of  the  tool,  determines  the  pitch  of  the  thread 
being  cut,  and  the  mechanism  connecting  the  work  and  the  tool 
must  be  of  a  positive  character;  thus  eliminating  transmission  by 
belts  and  other  frictional  devices. 

Owing  to  the  lost  motion  or  "  back  lash  "  in  the  mechanism 
connecting  the  tool  and  the  work,  the  tool  cannot  be  returned  to 
the  starting  point  for  a  new  and  deeper  cut  by  simply  reversing 
tlie  lathe.  The  tool  must  be  withdrawn,  tlie  lathe  reversed,  the 
tool  returned  to  the  starting  point,  and  then  advanced  for  the  new 
cut.  To  place  the  tool  for  the  new  cut  with  accunicy,  a  stop  or 
graduated  device  is  i^i-ovided. 

If  removed  fi'oni  the  lathe  for  testing,  care  should  be  taken 
in  replacing  the  work  to  get  the  tail  of  the  dog  in  tlie  same  slot 
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in  the  face  plate  that  was  used  to  cut  the  original  tliread ;  this 
can  be  done  by  marking  or  otherwise  indicating  it. 

Chasing.  The  ordinary  methods  of  cutting  screws  have 
already  been  described.  Where  great  iiccuracy  is  not  necessarj', 
the  threads  may  be  chased  by 
band.  A  cliauer,  or  chasing  tool, 
differs  from  the  ordinary 
thread-cutting  tool,  in  tliat  it 
has  a  number  of  cutting  points 
instead  of  but  one.  When  a 
chaser  is  operated  by  a  i>ower 
feed,  it  is  custonmiy  to  have  a 
shaft  revolving  at  Uie  same  rate 
or  at  au  even  nmlUple  of  the 
rate  of  the  lathe  spindle.  This 
shaft  carries  a  master  thread 
into  which  a  section  of  a  nut 
drops.  'I'he  liandle  connected 
with  the  nut  carries  tlie  chas- 
ing tool.  When  the  nut  is  in 
contact,  the  tool  is  cutting.  At  the  end  of  the  cut,  the  tool  is 
lifted  out,  and  with  it  the  nut  disengages  with  the  tliread. 

Hand-chasing  requires  a 
great  deal  of  skill  in  oitler  that 
a  good  piece  of  work  may  be 
done.  The  chasing  tool  has  a 
number  of  points  as  shown  in 
Fig.  158.  The  work  must  be 
run  rapidly  in  the  latlie.  The 
tool  is  held  in  both  Iiands,  and 
is  supported  on  a  re»t  similar  to 
that  shown  for  the  haad-tumtng 
tools  in  Fig.  86.  The  first  left- 
hand  tooth  of  the  chaser  is 
brought  lightly  against  the  right- 
hand  edge  of  the  work.  The  handle  is  given  a  quick  twist  from 
li'ft  to  right  tlirowing  tlie  teeth  in  the  opposite  direction.  It  is 
well    after    the    firet   twist,   to    stip  the  lathe    and  examine  the 
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work.     If  the   operation  Las  been   properly  performed,  the  sec- 
ond tootli   will  be  found   to  have  entered  the  groovu   made  by 
the  first.     A  short  length  of  thread  mil  have  beeo  cut,  the  pitch 
being  the  same  as  that  of  the  cH»ser.     If  this  la  correct,  the  lathe 
may  again  be  Htai-ted  and  t!ie  chaser  applied  as  before.     On  the 
second  trial  the  thread  may  be  run  to  ita  full  length.     The  linisli- 
ing  of  the  threiid  is  done  by  merely  repeating  tlie  opei-ation.     A 
Hue  cut  is  biken  with  each  application  of  the  chaaer  for  the  whole 
length  of  the  thread  until  the  full  depth  has  been  cut     In  doing 
this  work,  the  rear  or  right-hand  side  of   the   chaser  should   bw 
pressed  more  firmly  against  the  jiieee  being  cut  than  tlie  front, 
because  the  threads  mth  which  that  portion  of 
(■'"i.-\"-;;7''"--       tlie  toul  is  engaged  are  more  deeply  cut  than  at 
i  I       the  front.     In  addition  to  cutting,  these  teeth 

I  I       also  guide  the  frout.     The  reason  for  running 

the  lathe  at  n,  high  rate  of  speed,  is  that  tlie 
movement  of  tlie  chaser  is  less  likely  to  be 
checked  or  thrown  aside  by  seams  or  inequali- 
ties in  the  density  of  the  metal  tlian  it  would 
lie  if  the  lathe  were  to  run  slowly;  Inside 
tlireadiug  niuy  Ix;  done  by  means  of  the  inside 
chaser  shown  in  Fig.  1t5'J. 

Drilling  in  the  L^the.  The  lathe  can  also 
l>e  used  for  drilling,  When  such  work  is  to 
lie  done,  tlie  drill  may  be  held  in  the  spindle 
and  tlie  work  forced  up  against  it  by  the 
screw  of  the  tail  stock:  or  the  work  may  be 
revolved  aud  the  drill  forced  in  by  the  tail-stcck  screw.  When 
the  first  nietliod  is  followed  the  drill  may  be  put  into  a  socket 
prepared  for  it  in  the  spindle  of  the  lathe,  or  the  drill  may  be 
held  by  a  drill  chuck  as  shown  in  Fig.  160.  This  chuck  may  be 
used  in  the  tail-stock  to  hohl  twist  drills,  or  to  hold  fiat  drills 
which  are  foi-ged  from  i-ouiid  stctck.  Flat  drills  made  from  flat 
stock  are  ci'iitered  at  the  rear  end  and  held  against,  and  fed  for- 
waixl  by,  the  dc-iid  center.  In  this  case,  a  slotted  rest  held  in  the 
tool  post  ]:reveiits  the  drill  from  tnrning  (see  Fig.  60)  and  aids  in 
starting  the  ilriil  tiui\ 

When  the  drill   is  held  in  the  head  stock,  the  work   may  be 


Fig.  1«0. 
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fastened  to  the  carriage  and  fed  against  the  drill,  or  it  may  be  held 
by  means  of  a  suitable  device  held  in  the  tail  stock.  For  this 
purpose  the  drill  pad,  shown  in .  Fig.  161,  may  be  used,  and  es- 
l>ecially  if  the  work  l^e  flat.     The  V  center,  shown  in  Fig.  162,  is 


Fii:.   KJl, 


used  when  it  is  desired  to  drill  through  the  axis  of  a  piece  of 
round  stock.  The  shape  of  the  groove  prevents  the  work  from 
turning  and  the  angle  being  always  in  the  axis  of  the  lathe  deter- 
mines accurately  the  location  of  the  hole. 


> 


THE   DRILL   PRESS. 

This  tool  is  made  in  a  great  variety  of  forms,  according  to 
the  class  of  work  it  is  intended  to  perform.  The  form  illustrated 
in  Fig.  163  is  one  of  the  standard  makes.  The  mechanism  is 
very  simple  and  will  be  briefly  explained. 

The  frame  consists  of  a  strong  column  A,  securely  bolted  to 
a  heavy  base-plate  B.  Power  is  delivered  to  the  machine  by 
means  of  a  belt  running  over  tJie  cone  pulley  C.  The  shaft  upon 
which  this  cone  pulley  turns,  runs  through  the  casing  D,  where, 
by  means  of  miter  gearing,  it  drives  the  vertical  drill  spindle  E. 
It  will  be  seen  that  there  are  four  steps  on  the  cone  pulley  C,  thus 
affording  a  means  for  securing  as  many  rates  of  revolution  of  the 
drill  spindle.     This,  however,  is  not  sufficient  to  meet  all   the 


383 


HACHIBE  SKOF  WOBK. 


MACHINE   SHOP   WORK.  113 

requirements  of  the  work  that  can  be  dbne  with  the  tool.  In 
order  to  increase  the  range  of  available  speeds,  a  back  gear  is  used. 
This  is  shown  at  F.  It  consists  of  a  gear  and  pinion  keyed  t<* 
the  same  shaft.  The  cone  pulley  C  is  loose  on  the  horizontal 
shaft,  but  may  be  fastened  to  it  by  a  clutch  operated  by  the  lever 
G.  The  inutr  end  of  the  cone  pulley  carries  a  pinion  that  meshes 
with  the  gear  F,  while  the  pinion  attached  to  F  meshes  with  the 
gear  H  that  is  keyed  to  the  hori:;ontal  shaft.  The  gear  F  and  its 
pinion  run  loosely  on  a  journal  that  is,  in  turn,  attached  to  an 
eccentric  bearing.  By  turning  the  handle  J,  which  is  attached  to 
the  eccentric  bearing,  the  gears  may  be  thrown  in  or  out  of  mesh. 
While  the  gears  are  in  mesh,  the  power  passes  from  the  cone 
pulley  to  the  pinion  attached  to  it,  to  the  gear  F,  to  its  pinion, 
and  thence  to  the  gear  H,  and  thus  turns  the  shaft  Under  these 
circumstances  the  shaft  is  turning  much  slower  than  the  cone 
pulley. 

The  feed,  or  downward  motion  of  the  drill  spindle  may  be 
accomplished  by  hand  or  by  power.  At  the  upper  end  of  the 
drill  spindle  a  rack  is  cut,  into  which  a  pinion  on  the  same  shaft 
as  the  worm  wheel  I  meshes.  It  is  evident  that,  as  this  wheel 
i-evolves,  the  spindle  will  be  raised  or  lowered. 

The  weight  of  the  spindle  is  counterbalanced  by  the  weight 
X.  The  worm  wheel  I  is  turned  by  the  worm  K,  which  is 
i-otated  by  the  hand  wheel  L.  This  serves  for  a  hand  feed.  For 
a  power  feed,  a  belt  is  made  to  drive  the  cone  wheel  M.  This 
turns  the  bevel  pinion  N,  meshing  with  the  bevel  gear  O,  that  is 
loose  on  the  feed  shaft  It  is  fastened  to  the  latter  by  means  of 
a  small  clutch  P.  A  quick  return  of  the  spindle  is  accomplished 
by  men  IS  of  the  handle  Q.  This  is  attached  to  the  spindle  by 
means  of  a  yoke  R.  When  the  quick  return  is  to  be  used,  the 
worm  K  is  thrown  out  of  mesh  with  its  wheel  by  turning  the 
handle  S. 

The  table  T  may  be  raised  or  lowered  by  means  of  the  handle 
U  ;  this  drives  a  screw  in  the  standard  running  in  a  nut  fastened 
to  the  bracket  V.  When  the  table  has  been  adjusted,  it  may  be 
fastened  by  the  nuts  and  bolts  W  clamping  it  to  the  standard  A. 
When  larc^e  work  is  to  be  drilled,  the  table  may  be  swung  out  of 
the  way  and  the  work  bolted  to  the  base  plate  B. 
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While  the  drill  press  just  described  iiiiiy  be  taken  as  rep 
resenting  gowl  practice  in  the  smaller  sizes,  a  different  form 
of  coimtruction  is  often  enii>loyed  in  larger  tools.  A  drill  press 
of  this  class  is  shown  in  Fig.  Ilj4.  Drilling  macliinery  is  uiRde 
both  horizontal  and  vertical.  A  typical  fomi  of  tlie  horizontal 
variety  is  shown  in  Fig.  165.  These  tools  are  usually  of  heavier 
construction  and  for  a  larger  class  of  work  than  the  ordinary 
vertical  drill. 

Drilling  machinery,  both  horizontal  and  vertical,  is  some- 
times provided  with  more  than  one  spindle.  In  small  vertical 
drills  of  this  description,  the  spindles  arc  fixed  iu  their  relative 


Fig.  166. 

jKisitions  and  ai-e  not  intended  tu  be  operated  simultaneously; 
the  work  is  jmssed  from  one  spindle  to  another.  The  trne  multi- 
spindle  drill  is  for  tlie  puqHwe  of  drilling  eevend  boles  at  one 
time  and  in  any  relative  position  within  the  limits  of  adjustment 
of  the  machine.     Such  a  drill  is  shown  hi  Fig.  166. 

The  Radial  Drill.  Another  fonn  of  drill,  known  as  the 
nidial,  is  being  extensively  used.     It  is  shown  in  Fig.  167. 

Tlic  drill  spindle  is  carried  on  the  arm  A.  It  is  so  arranged 
that  it  can  Ik;  set  and  run  at  any  position  on  this  arm.  At  the 
same  time,  the  arm  may  be  swung  around  and  clamped  in  any 
vertit'ii!  or  horizontal  position  about  the  upright  B.  These  drills 
HIV,  iisujiUy  employed  on  heavy  work,  where  a  number  of  holes 
•ire  to  be  drilled. 

in  the   case    of    the  drill   .shown   in    Fig.  163,  the  work  is 
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onlituirily  liglit,  aiul  can  Le  rea<lily  sLiftetl  su  tliat  the  positioa  of 
the  holes  can  lie  brought  beneath  tlic  drill.  In  heavy  work,  such 
aH  engine  eylindeis,  boivever,  tliis  cannot  be  tlone.  It  is,'  thei«- 
fore,  nei-f^tatry  to  )>e  able  to  shift  tiie  drill  and  place  it  in  a  posi- 
tion to  do  tlie  work.     The  radial  drill  affords  the  means  of  doing 


ll.is.     Wl.i 

iL  llie  \ 

-itUal  s])it 

ilk'  .■ 

ITvill.l,'  till' 

liiil   11 

II   Ijt;  i-utateti 

in  the  VIM- 

i<:;l1  [il 

II.'.   Il.lltS 

;iii   1 

.  ilriilnl,  11 

1     lllllv 

ill  aiiy  ]K>si- 

tioii,  Imt  i 

so  at 

uiy  iiiii;!.-. 

Siu 

ii  II  ilriil   is 

inlleil 

11  Universal 

Ka.liiil. 

Tl»-  , 

isitioll 

,f  tlie  linl. 

^  is  1 

siiiiliy  iiii.i 

III  l.ir 

liii  ^'iiidaime 

„r  ii»-  iiNi 

1    ;il     I 

,■    cllill. 

■Ii,.   ^ 

Lit      is     I.'S 

,1 

IS  sliiiwii   in 

i-'iK-  Tl^. 

■II,.'    , 

UIIIIT    Illlll, 

li    nil 

ik-.    iii.li.iiti- 

i  liy   . 

.  si s  tlic 

MACHINE    SHill'    WORK. 


location  of  the  center  of  the  hole.  The  ciirle  upon  which  the 
prick  punch  marks  RBBB  are  placed,  gives  the  location  of 
the  circumference  of  the  liole.  To  drill  the  hole,  place  the  point 
of  the  drill  in  the  center  punch  mark  A,  and  drill  into  the  metid 
until  the  center  punch  mark  has  been  slightly  enlarged,  as  showu 
by  the  circle  C,  Kig.  168.  Then  nuse  the  drill  and  examine  the 
work.     If  tile  cotinterBink  or  hole,  whose  circumference  is  indi- 


cated by  the  cii-cle  C,  is  exactly  concentric  with  the  outer  ciR-le 
IIBBB,  then  the  drill  may  be  pnt  dovra  and  the  hole  drilled. 

f)wing,  however,  to  various  causes,  it  ia  not  often  that  the 
circle  will  be  concentric.  This  may  be  due  to  an  uneven  grinding 
of  the  drill,  a  distortion  of  the  metal  by  the  center  punch,  or  an 
eccentric  motion  of  the  drill  point,  due  to  a  lack  of  truth  in  the 
running  of  the  spindle. 
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When  tbe  countereiuk  is  not  conoentiie,  the  drill  tuiist  hv 
drawn  back  to  tlie  central  position.  The  method  employed  in 
shown  in  Fig.  Iti!).  The  round-nosed  ehiset  is  used  to  cut  « 
groove,  E,  down  tlio  side  of  the  counteraliik,  on  the  side  that  U 
fiirtheet  fi'um  the  circle  BBBB.  The  depth  of  this  groove  de^fends 
upon  tlie  iiniount  of  eccentricity  of  tbe  eount*rrsink  and  the  depth 
to  which  it  has  been  drilled.  The  drill  is  then  run  down  again 
and  the  groove  drilled  out.  The  action  of  tliis  groove  is  ae 
Follows :  as  the  drill  turns,  one  cutting  edge  is  supported,  and  is 
working  into  the  face  0,  Fig.  170.  At  the  same  time  the  cutting 
edge  is  opposite  the  groove  E.     Tiie  d!-UI,  therefore,  springs  into 
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the  groove,  as  shown.  The  lip  then  catches  on  the  edge  of  the 
groove  and  cut«  it  away,  making  tlie  hole  elliptical,  and  shifting 
the  center  of  the  drill  towards  its  proper  position.  As  the  drill 
sinks  deeper  both  lips  are  in  contact  witli  the  faces  C  and  D,  and 
it  haa  no  further  tendency  to  sliift. 

When  the  groove  lias  been  drilled  out,  the  drill  must  be  again 
raised,  to  ascertain  uhether  or  not  the  count^i-sink  is  concentric 
with  tbe  outer  circle  BBBB.  If  not,  another  groove  .must  be  cut, 
and  the  process  re[>eated.  If  it  is,  the  hole  may  be  drilled.  The 
prick  punch  marks  BBBB  are  put  on  the  outer  circle  to  indicate 
ite  position  in  ease  of  the  obliteration  of  the  line  it.'ielf. 

A  twist  drill  will  usually  clear  its  hole  of  chips.  Fur  deep 
holes  this  may  not  occur.  It  is  then  necessary  to  withdraw  the 
drill  and  clean  out  the  hole.  This  can  lie  done  by  a  piece  of  wire 
l)eiit  at  the  I'lid ;  also  liy  usinj,'  a  "bhiwpipi'"  made  of  a  small 
tube,  and  In-iit  ti>  etiter  tlu'  h<ilo.  su  that  tiie  uhijis  will  not  blow 
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up  into  the  operator's  face.  Cast  iron  is  more  likely  to  need 
cleaning  tlian  wrought  iron  or  steel.  Where  flat  drills  are  used, 
it  is  always  necessary  to  clean  the  holes  at  frequent  inteiTsls,  as 
they  have  no  tendency  to  raise  the  chips  and  clear  the  holes. 

A  matter  to  receive  due  consideration  is  that  the  work  must 
be  held  rigidly  on  the  table  while  being  drilled.  This  may  be 
done  in  two  ways.  If  the  holes  are  to  be  drilled  with  great 
accuracy,  the  work  must  be  clamped  to  the  table.  This  is  often 
done  by  means  of  straps,  as  shown  in  Fig.  171.  In  this  figure,  a 
gland  A  is  shown  clamped  to  the  table  by  Uie  straps  BB.  One 
end  of  the  strap  rests  upon  the  flange  of  the  gland,  and  the  other 
upon  any  convenient  piece  of  metal  C,  of  the  proper  thickness. 
The  bolt  D  is  put  up  through  a  hole  in  the  table  as  close  to  the 


Fig.  171. 

work  as  possible.  When  the  nuts  are  screwed  down,  they  then 
put  the  greatest  available  pressure  on  the  work  and  hold  it  fast 
The  strap  B  is  made  of  flat  iron.  It  has  one  or  more  holes 
drilled  in  it  to  permit  the  passage  of  bolts. 

Another  method  of  holding  work  in  the  drill  press  is  by 
means  of  a  post.  This  is  shown  in  Fig.  172.  It  consists  of  a 
post  A,  set  loosely  in  one  of  the  holes  in  the  table.  As  the  drill 
is  forced  against  the  work,  it  tends  to  turn  the  latter  with  it. 
When  the  work  strikes  the  post,  it  is  stopped  and  held  while  the 
hole  is  drilled.  "^his  will  not  hold  the  work  perfectly  steady. 
It  allows  the  latter  to  move  with  the  eccentricity  of  the  motion 
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of   the    drill,   but  it 
accuracy  is  not  e 


ntial.     For  ( 


very   commoQ    use    where   extreme 


wlie 


t  fiiiialied  bolt  i 


■  exauipl 

to  he  used  \vith  a  di-iving  fit,  the  work  must  he  securely  fiisteiied 
80  tliat  the  diameter  of  the  hole  may  be  trae.  Whore  a  machine 
liolt  niwle  of  rough  inm  is  to  lie  used,  the  hole  is  ili-illed  -j'^  iiu^h 
larger  tliiiu  the  nuriiiid  size  of  tlie  holt.     Here  accuracy  is  uot 


Fi^-   172. 

I  even  attempted ;    a  vuriatiun  of  ^j  inch  in  the  diameter  of  the 

hiilc  i.s  of  H"  rtfcoiMit.  Tlicreforc,  in  such  ciisi's,  the  work  may 
be  allowed  to  merely  rest  against  the  post. 

This  question  of  Imldiiig  the  work  does  not  apply  to  drills 
of  the  multi-apintlle  class.  It  is  evident  that  the  tendency  of 
one  drill  t»  rotate  the  work  is  eounteraifted  hy  the  action  of  another 
drill.  Therefore,  no  holding  devices  are  needed  on  drills  of  more 
than  one  spindle. 

An  angle  ii-oii,  forming  ;i  right  luigle  with  tlie  drill  table, 
is  used  in  many  cases  whei-e  iht-  Intle  cannot  l)e  pi-ufieily  located 
hy  the  use  of  the  table  alone,  llie  clamping  to  the  angle  iron 
must  be  very  rigid  to  resist  the  pi-essure  of  the  drilL  A 
tilting  table  is  sometimes  used  so  that  holes  may  be  drilled 
at  any  required  angle  At  least  one  manufacturer  is  putting 
on  the  market  a  horizoiibil  drilling  machine  which  can  drill  five 
sides  of  a  cube  at  any  ■a\\\^\<'  with  hut  one  sfttim,'  of  the  work. 

Drilling  inachini's  iii;iy  also  1h'  used  lur  lapping.  This  re- 
quires a  ivvcrsing  dcvirc  I'it  liarkiug  out  tin;  ta|).  The  hacking- 
out  is  done  at  a  nuu-li  Iiighci'  speed  than  the  tapping.  The  tapis 
held  ill  a  friction  iiead  that  will  slip  when  the  tap  strikes  the  bot 
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torn  of  the  hole.  The  use  of  collapsing  taixs,  es|x;eially  on  diam- 
eters of  one  inch  and  over,  riuulers  the  hacking-out  minecessaiy 
and  quickens  tlie  o|)(;nili<>n.  Studs  may  l)e  set  hy  the  same  de- 
vice, so  that  cylinder  flanges  may  l>e  drilled,  tit))])ed,  and  the 
studs  set  without  removing  the  work  from  the  drill.  Duplicate 
drilling  by  means  of  jigs  will  he  considered  later. 

THE  PLANER. 

Xext  to  tlie  lathe,  the  j»lancr  is  tli(^  most  importiint  tool  in 
the  machine  shop.  As  the  name  indicates,  it  is  used  for  finish- 
ing flat  surfaces.  In  the  ordhiary  planer,  the  work  is  moved  and 
the  tool  is  at  rest.  .V  common  form  of  this  tool  is  shown  in  Fig. 
173.  It  consists  of  a  IkmI  A  ujxm  the  upper  surface  of  which 
suital)le  guides  or  ways  are  i)lancd.  The  j)laten  B  is  made  to 
travel  hack  and  forth  uiM>n  these  ways.  The  platen  lias  a  rack 
on  its  under  surface  into  which  the  gt'ar  C  meshes.  This  gear 
is  driven  hy  a  tr.iin  of  geai*s  from  (he  shaft  carrying  the  piUley 
1).  The  tool  is  carried  on  the  tool-head  E,  where  it  can  be  given 
a  slight  vertical  motion  or  feed.  This  tool-head  may  be  fed 
across  the  machine  hy  the  screw  in  the  cross-mil  F.  The  latter 
may  be  raised  and  loweivd  hy  the  shaft  and  gt»aring  shown  at  the 
top.  This  gearing  turns  two  vertical  screws  miming  in  nuts 
attached   to   the   cross-iiiil. 

The  recii)rocating  motion  (»f  the  platen  is  ohtiuned  as  follows: 
the  pulleys  D  and  G  are  diiveii  in  opjxxsite  direction  by  belts. 
Either  one  luav  he  connected  to  the  shaft  on  which  they  turn  hv 
a  clutch  which  is  o[)erated  by  the  hell  crank  lever  J.  On  the 
platen  there  are  two  adjustaide  dogs  HII.  These  are  set  so  that, 
when  the  work  has  just  cleared  the  tool  in  either  direction,  one 
of  them  will  strike  against  the  up|K*r  end  of  the  lever  I.  In  the 
illustration,  if  the  ])laten  is  moving  in  toward  the  right-hand  dog, 
11  will  have  strr.ck  the  lever.  As  the  platen  continues  to  move, 
the  lever  I  is  carried  to  the  right  and  the  clutch  connection 
fastening  the  forward  pulley  to  the  shaft  broken  and  that  of  the 
return  made.  The  motion  is  then  reversed  and  continues  until 
tli(^  left-hand  do*'  strikes  the  lever  I  and  again  chantjes  the  motion. 
Ordinarily  the  tool  cuts  only  when  the  platen  is  moving 
toward  the  right  Fig.  173.     As  a  result  of  this  condition,    the 
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platen  is  made  to  move  iiiui'e  rapidly  in  tlic  <Uiec:tioii  of  Uie 
arrow  than  in  the  reverse.  This  is  acconiplislied  by  vivrjing  the 
speeds  of  the  pulleys  D  and  G.  The  uBiial  ratio  of  the  speeds 
of  these  pulleys  is  from  1  to  2,  to  1  to  5. 

The  feed  of  the  tool   is  aectmiplished  by  a  friction  clutch 
driving  the  vertical  rack  K.     This  nets  only  at  a  jKiint  near  tlie 


i 


end  of  the  tnivel  of   the   platen.     It   ia   so    arranged   that    any 
vertical  or  lioriKonbil  feed  may  l>e  given  to  the  tool. 

a  gi-eat  variety  of    sizes   and    styles. 

■  tliree  driving  pulleys  placed  Bide  by 

aide  on  tlic  same  shaft,  the  .--■ntnil  one  of  the  three  keyed  to  the 


Planers  are    made  i 
Very  fretjiiently  thet 
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shaft.     The  reversal  of  the  motion  of  the  platen  is  obtained  by 
shifting  one  or  the  other  of  the  belts  onto  the  central  pulley. 

Planer  Tools.  The  tools  tliat  are  used  in)on  planers  do  not 
differ  essentially  from  those  described  for  latlie  work.  The  same 
rule  applies  regarding  the  holding  of  the  tool.  It  should  project 
as  short  a  distance  as  possible  beyond   the   point   of   support. 


Fiix.   174. 


Wlieu  there  is  an  excessivo  projection,  care  should  be  taken  that 
the  tool  is  so  set  that  it  will  not  spring  into  the  work.  On  the 
lathe  this  can  Ihj  prevented  by  setting  tlie  jjoint  of  the  tool  on  a 
line  with  the  centi'r.  In  Fig.  17*4  the  tool  tends  to  spring  and 
turn  about  the  point  A  as  a  center.  The  dotted  line  at  the  point 
shows  how  this  tends  to  throw  it  into 
the  work.  The  same  tiling  is  shown  in 
the  planer  tool  in  Fig.  175.  This  ten- 
dency can  be  overcome  by  forging  the 
tool  so  that  the  cutting  point  is  be-  f 
hind  a  perpendicular  from  the  point  of 
support,  as  shown  by  the  dotted  lines  in 
Fig.  17o.  In  the  1  utter  case  the  spring 
of  the  tool  tends  to  tiike  it  out  of  thfe 
work. 

Holding  the  Work.  The  work  is 
usually  held  on  the  planer  by  clamping 
it  down  .with  strajjs  in  a  nianner  similar 
to  that  shown  in  Fig.  171.  Where  the 
whole  upper  surface  is  to  be  planed  over, 
lioles  are  sometimes  drilled  in  the  sides,  into  which  tiie  rounded 
ends  of  straps  are  set. 


^> 
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Fig.  175. 
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It  is  iiu|>iiMNil)le  t<)  g}vii  muru  than  gt-nenil  diiL-t^tious  fiir 
clmiipin^  wiirk  uii  ii  iiiiintir.  A  gveat  viiriely  nf  lilio-kiu^.  claiiip!^ 
iiiul  bcills  tiiiist  In-  iiKi'd;  »uc!i  iittuclimciitN  being  ouited  to  tbu 
w.ii'k  in  liiiiiil,  ami  ifijiiiririf)^  uti  nutlii^y  nf  innney  wbii'b  Het^nis  to 
be  out   "f   iirrjjwrtiou    In   tliu    it[>]jeitniiiCL.'    uf    tlie    collide tdou.      It 


hIiouM  Ihi  sufficient  tu  say  tiuit  tbu  win'k  must  be  caitifully  set, 
strongly  claniiied  iind  bfaesti  to  prevent  iiiovemeiit  by  the  tool; 
tbe  clamping  sbuiild  not  dlsiort  tlii'  ivnrk.  Aw  ail  i-aytings  and 
forgiogs  cbange  their  sba{>e  when  tlie  snrfaeo  in  mmo^etl,  it  is  con- 
Bideicd  good  practice  t<i  release  tlie  elamiis  before  tlie  finishing 


cut,  in  oirler  tliat  tbe  piero  nii 
reclamp  it  witliout  distortion, 

An.G;lc   irons   or   lincos,  ;i>i    slmw 
sWereil  ;is  {in  iinxiliary  tal>lr  wirH  (i  si 


nun  its  final  shape,  and  then 

.yl>e    con- 
b's  I.J  the 


Fi-.   ITtl. 
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main  table.  Many  useful  applications  of  iheee  holding  deviceB 
will  suggest  themselves. 

Another  method  of  holding  work  is  by  UHiiig  a  vise  such  at) 
is  shown  in  Fig.  177.  The  body  is  bolted  to  the  platen  and  tht; 
work  is  lieltl  between  the  jaws. 

Phmer  centers,  as  illustrated  in  Fiy.  178,  me  veiy  useful  in 
niitchining  parts  where  itccumte  cii'cular  spacing  is  desired,  or 
where  pi-ui;cting  lugs  prevent  turuing  in  tlie  latlie. 


The  Plate  Planer.  A  special  form  of  planer  extensively 
used  in  boiler  shops  and  shipyards  is  the  plate  planer.  Fig.  179. 
It  is  used  for  planing  the  edges  of  long  plates.  The  plate  is 
securely  fastened  between  the  clamps  A  and  the  bed  B.  The 
tool  is  held  in  tlie  caiTiage  C,  which  is  moved  to  and  fro  by  the 
screw  D.  The  screw  is  driven  by  the  gear  H,  tliat  meshes  with  a 
pinion  keyed  on  the  shaft  to  which  the  motor  is  geared.  The 
reversal  of  motion  is  obtained  by  shifting  the  clutch  K.  The 
ttipj)ets  M  for  moving  the  shifting  gear  ere  upon  the  shaft  I. 
They  are  struck  as  the  carriage  approaches  the  end  of  its  stroke. 
IJnUke  the  ordinary  machine  shop  planer,  the  plate  planer  has  no 
(|uick  return  stroke,  but  has  a  tilting  tool  which  allows  stock  to 
l»e  removed  when  moving  in  either  direction.  Devices  of  this 
t'hiiracter  liave  often  been  tried  on  regular  metal  planers,  but  seem 
to  be  siitisfactory  only  when  the  whole  face  of  the  work  can  bo 
covered  at  a  single  stroke  of  the  tool. 
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THE   SHAPER. 


For  light  work  the  sliaper  or  shaping  jikner,  Fig.  180,  is  ex- 
tensively used.  It  possesses  the  advantage  of  rapidity  of  action. 
In  tliis  machine,  as  in  the  plate  planer,  the  tool  moves  while  Ihe 


wurk  is  at  I'est.  A  siiitiible  niechauism  causes  the  ram  A  to  move 
111  :iml  fni.  When  moving  toward  tlie  left,  tlie  tool  is  intting. 
As  ill    the   ordinary -planer,  the   cutting  speed  is   less  than   the 
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The  work  is  held  on  tJie  tahle  B,  which  may  be  adjusted  to 
any  convenient  height  snited  tn  the  work  tn  Iw  done.  Tha  tool 
is  Jilso  allowed  n  limited  vertii-iil  iidjiistinent  in  liie  Hlide  by  turn- 


L. 


ing  the  handle  C,  This  ia  the  ordinary  methml  of  obtiiiniiig  the 
vertical  feed. 

The  horizontal  feed  is  obtiuned  by  moving  the  table  B  side- 
wise.  In  sfiiiie  shaiM;i-R  it  ciiii  jiIno  I>e  moved  vertically  to  feed  to 
or  from  tJni  biol ;  in  otliors  the  horizontal  feed  is  obtained  by 
cansing  the  toul  ivitli  the  rfcipmciiliiitj  pai-tii  to  move  sidewise. 

Tiic  styli'  of  m.ichim*  shown  at  Fifr.  180  ia  called  the  pillar 
nhuper,  but  where  the  ludl  uml  ram  move  sidewise  it  is  called  the 
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ti'ftvente  sliaper;  see  Fig.  181.  'I'lie  elmiiicter  iif  tlie  work  done 
nil  the  Hliu|)er  iiiid  the  planer  is  identical,  hut  as  ii  rule,  the  uhajier 
is  used  for  tlie  sniiiller  and  more  delicate  pitrts  which  could  not  be 
hniidled  <iuickiy  on  tlie  planer.  The  shaper  hits  the  additional 
advantage  of  a  change  of  a|jeed  which  allows  small  ptecet),  efii>e- 
cially  of  the  softer  nietids,  to  be  niiicliined  at  a  inaxinmni  rale. 


Fig.  182. 

.Slotter.  Another  macliine  tool  which  is  not  used  aa  coni- 
uionly  as  its  many  good  qualities  would  seem  to  warrant  is  the 
Blotter,  Fig.  182.  It  is,  in  reality,  a  shaper  with  the  tool  moving 
vertically  instead  of  horizontally.  It  is  used  foT'  working  on 
tieavv  pieces,  and  especially  in  places  where  an  irregnlur  cniitonr 
is  to  be  formed.     The  thrust  on  tJl^  tool  is  vertical,  and  it  'uust 
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lie  very  atiff.  The  work  done  frequently  partakes  of  (Ue  itatuK 
ui  tlie'formiiig  of  the  iiisltle  of  the  hi>ie  where  tlie  tool  must  jjrtc 
ject  the  whole  length  of  the  eut  below  the  bottom  of  tiie  head. 
Such  a  case  ia  .tliiit  of  the  slotting'  of  locorcotive 
fi'iiiiies.  The  best  type  of  tool  for  such  n  claiu^  cf 
wnik  is  a  strung  bar,  us  shown  in  Fig.  183.  The 
bur  in  liL'ld  in  the  heiul  of  llm  tool  just  m8  any  tool 
would  be.  Near  tlio  lowur  end  it  curriu's  tht;  cut- 
ting tool,  whiiih  niiiy  bo  fiistuned  by  ii  wUncrew  or 
Medge.  Sneh  a  tool  uhonld  alwytys  Ihj  used  when 
it  is  jKissilile.  It  1ms  the  advHntage  of  l;eing  stifTer 
and  less  likely  to  spring  than  a  foiled  tool.        ' 

The  tool  used  in  a,  slotting  machine  differs 
from  that  used  in  tlie  latlie  or  jilaner  in  thut 
the  dii-eelion  of  "the  cutting  motion  is  different 
i''ig.  1S4  illustrates  a  slotting  tool  to  Iw  used  for 
(K>iiig  Hueh  Work  iiB  the  cutting  of  key  ways  in  the 
liuhs  of  pulleys.  It  will  he  scl-u  that  if  tlie  tool 
_  jg  moved  in  the  direction  of  the  amtw,  the  faee  B 

^^i  <  '  '  becomes  the  one  against  which  the  eliip  l>ear8. 
It,  therefore,  corresi>oiids  to  llie  top  of  the  lathe 
:ool.  Tlie  sJiLiiixT  tlie  slojie  ^dven  to  the  face  li, 
the  keener  the  edge,  just  as  increnBing  the  rake  of 
the  lathe  tool  increases  its  sharpness.  The  face  A 
This   corresponds   to  the 


S" 


Hg.  ISA. 
must  also  be  cut  away  as  indicated. 


'b 


(J 
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l)laiior    tool.     It  is   (juite  possible,   at 
l;ug^>r  aniuuut  of  rake.     Such  a  form 


DRAW    STROKE    SLOTTER. 
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is  Hhowii  in  Fig.  185.  The  shape  of  this  tool  ts  such  tliiit  it  l*M 
vpry  strong  iii  the  cUreftinii  of  the  thrust,  liesides  having  k  keen  J 
cutting  I'llg"'. 
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PART  III. 


THE  MILLING  MACHINE. 

The  operation  known  as  milling  differs  so  radically  from  the 
removal  of  metal  by  methods  previously  described,  that  it  merits 
much  more  careful  and  lengthy  discussion  than  has  been  devoted 
to  the  other  methods.  Due,  also,  to  its  increasing  importance  and 
general  use,  it  calls  for  a  somewhat  extended  discussion.  While 
milling  is  coming  rapidly  into  favor  as  a  means  of  doing  work 
which  has  formerly  been  done  on  the  shaper  and  planer,  it  does 
not  follow  that  the  shaper  and  planer  are  to  be  entirely  abandoned. 
There  has  been  a  tendency  during  the  past  few  years  to  belittle 
the  planer  and  shaper  in  favor  of  the  milling  machine.  This  ten- 
dency is  not  warranted  even  by  the  rapid  and  economical  method 
of  milling.  There  is  a  large  class  of  work  which  can  be  done 
accurately  only  by  means  of  a  single-pointed  tool  such  as  is  used 
in  the  planer  and  shaper. 

The  fundamental  difference  between  planing  and  milling  lies 
in  the  character  of  the  tool  employed.  The  planer  uses  a  fixed 
singlepointed  tool  with  a  reciprocating  motion  either  of  the  tool 
or  the  work,  while  milling  is  performed  by  the  use  of  a  rotary 
tool  with  several  cutting  points,  of  which  the  circular  saw  is  a 
familiar  example.  This  rotary  multiple  cutter  is  the  basis  of  all 
milling  operations,  and,  as  the  saw  may  be  taken  as  a  good  example 
of  such  a  cutter,  so  the  work  done  by  the  circular  saw  in  cutting 
metal  may  be  said  to  be  an  example  of  milling.  The  ordinary 
nulling  cutter  is  nothing  more  than  a  saw  in  which  the  contour 
of  the  cutting  blades  is  made  to  suit  the  work  in  hand. 

Circular  saws  for  use  upon  metal  have  been,  and  still  are, 
often  mounted  in  a  hand  lathe,  Fig.  186.  The  saw  is  held  on  an 
arbor  ])etween  centers,  and  the  work  placed  on  a  table  rest,  which 
takes  the  place  of  the  T-rest  used  in  ordinary  hand  turning.  Here 
is  an  example  of  milling  in  its  most  primitive  form;  the  work 
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being  fed  to  tlie  eaw  hy  hand,  with  no  guides  or  positive  raove- 
nienta.  It  was  an  easy  matter  to  provide  glides  im  tlie  table  rest 
for  the  work,  and  tlie  ni^xt  real  itnportant  step  was  to  use  an  engine 
lathe  in  place  of  the  hand  lathe.  Here  the  buw  was  monuted  as 
before,  the  work  clanipwi  to  the  carriage  by  suitable  fixtures  aod 
fed  positively  to  the  saw.  both  as  lo  direction  and  ainoiiot. 

It  was  but  a  step  to  make  a  saw  wide  enough  to  cover  a  con- 
siderable surface,  or  to  have  a  thiek  saw  with  a  suitably  formed 
cutting  edge.     Several  aaws  of  different  shapes  and  sizea  can  be 


Fig.  186. 

mounted  in  a  gang  on  an  arlior  and  perform  operations  which  it 
would  be  hard  to  duplicate  on  the  shaper  or  planer.  Even  in 
the  present  age  of  special  niachines  for  milling,  a  great  deal  of 
work  of  this  character  is  still  performed  in  the  engine  lathe  by 
the  method  iudicated. 

It  is  evident  that  one  of  the  great  advantages  of  milling  is 
the  certainty  of  exact  duplication,  a  feature  of  prime  importance 
in  the  manufacture  of  interchangeable  work. 

Of  course,  it  was  not  to  be  expected  that  such  an  important 
operation  as  milling  could  be  intrusted  to  a  machine  like  the  latbe, 
which  was  primarily  intended  for  an  entirelydifferent,  but  equally 
important,  class  of  work. 

About  the  tirst  machine  built  exclusively  for  milling  was  the 
so-called  Lincoln  miller,  Fig.  187,  which  consists  essentially  of 
a  bed  carrying  the  equivalent  of  the  head  stock  aud  tail  stock  of  a 
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lathe,  with  means  for  rotating  the  cutter  arbor,  which  is  carried  I 
directly  by  the  head  stock  apiodle,  and  steadied  and  supported  by  1 
the  tail  stock.     There  is  also  provided  a  table  upon  which  the  work 
can  be  fastened  either  directly,  or  by  means  of  a  vise,  and  an  auto- 
matic feed  across  the  machine  at  right  angles  to,  and  below,  the  j 


Pig.  187. 

cntter  arbor.     This  is  simply  the  milling  attachment  in  the  lathe 
transferred  to  a  machine  designed  to  do  nothing  but  milling. 

The  elementary  cutters  designed  to  l»  used  on  this  type  of   1 
machine  are  of  the  form  already  described,  viz. :  of  the  saw  type. 

As  the  types  of  cutters  used  determines,  iu  a  large  measare, 
the  design  of  the  machines  tliemselvee,  it  will  be  better  at  this   ] 
point  to  take  up  a  description  of  some  of  the  different  cutters,  in 
order   that  the  adaptation  of  the  machine  to  the  cutter  may  be 
clearly  seen. 


lai 
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Screw  alottitip  cutltjrs.  Fig.  188,  and  slittiiifj;  bhwb.  Fig.  189, 
are  iiidentical  with  tUo  paws  wbich,  wb  have  already  seen,  vera 
Kinploywl  in  tlie  Utlif.  Tho  trne  milling  culUtr.  Fig.  190,  lias  a 
face  iiiucii  MJder  in  ijroportion  to  its  diameter  than  the  common 


saw.  It  in  fur  tlie  |nXHliu-liini  of  siii-fiK'fH,  rathtr  than  fur  a  thin 
sav  kerf  for  8e[inriiling  pieiiea  of  im-tal.  Tlieae  pliiiii  cutters  are 
made  in  a  large  numtHtr  of  diameters  and  lengths,  aud  are  all 
designed  fur  the  generation  of  plane- siirfat'ee. 

Ab  we  have  seen  in  the  tiase  of  reamers,  heavy  cuts  ean   lie 
taken  more  easily  when  the  chip  is  broken  up  into  email  pieces, 


Pig.  190. 


Fig.  181. 


L 


therefore  in  milling  t-utlers  deaigneii  for  ronghing,  it  is  customary 
to  nick  the  teeth,  see  Fig.  101,  in  such  a  way  that  the  space  left 
by  one  tooth  in;iy  If  taken  ont  liy  the  following  tooth.  This  makes 
the  cuttinir  i-asii'r.  A  jilain  cutter  of  any  considerable  length  will 
not  make  a  snumtli  surface  liecause  of  the  varying  pressure  of  the 
cutter,  as  one  liMitli  after  anuthcr  leaves  the  work.  To  avoid  this 
springing  tL-ndency.  cutters  are  made  with  spiral  teeth,  Fig.  192. 
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either  rigtit  or  left  hand,  so  that  there  is  pnicticallya  uniform  dia 
tributioD  of  pressure  at  all  points  during  the  t-nt. 

When  it  ia  desired  lo  mill  the  nide  of  a  piece,  it  is  necessary 
that  there  should  l>e  teeth  on  the  side  of  the  cntter.  Such  cutters 
are  usually  made  comparatively  narrow  and  with  teeth  cm  both 
sides,   as   aliown    in    I'ig.    I'.m.     These   side  milling  cutters  are  ] 


Fig.  193. 

usually  sold  in  pairs,  as  they  cad  be  monnted  together  and  thuB. 
mill  off  both  sides  of  a  piece  of  work,  similar  to  a  boll  head,  and 
are.  therefore,  called  heading  or  straddle  iriilla. 

If  two  cutters  of  the  same  diameter 
are  monnted  together,  it  is  dithcnlt  to 
mill  a  snrface  which  will  not  show  the 
[wintof  separation  of  thecuttera.  Thiw 
can  Iw  avoided  by  making  the  ends  of 
the  cntters.  where  they  come  together, 
of  such  a  shape  that  they  interlock  one 
with  the  other.  This  feature  of  inter 
l<K.-king,  see  Fig,  1H4,  is  especially  v-ahi 
able  when  cntting  slots  which  ninst  l»e 
of  a  definite  width.  Au  ordinary  cutter 
will  wear  away  by  nae,  or  by  grinding, 
and  thus  lose  its  correct  size.  The  thick- 
ness of  interlocking  cutters  can  be  main- 
tained by  means  of  very  thin  washers,  and.  due  to  the  interlocking' 
of  the  cutters,  will  not  show  that  any  space  exists  between  them. 

Cntters  may  be  monnte<l   in  gangs  of  great  variety  and  cora^ 
-1." i"   Yia   '•'"■      '''''- —  ......~ 


I 


nation,  a  typical  one  being  shown   i 


FiK.  104. 


.  Uir.,     These  ( 


I 


138 


JACHINE  SHOP  WORK 


may  be  of  any  deaired  form,  and  can  be  made  to  produce  a  variety 
of  8lmi)ea.  Tbii  so-called  angle  cutters,  Fig.  190,  are  employed  in 
the  inariitfaeture  of  ciitti^rs,  and,  wben  making  spiral  ciittf  rs,  iniiet 
have  an  angle  on  both  sidoa,  Tlie  cnstoniary  angle  in  anch  CHee« 
being  -40'  nn  one  aide  and  13'  on   the  other.     The  other  eoninion 


single  angle  cuttefB  vary  from  40"^  to  SO"*,  either  right  ur  left  liand. 
Donble  angle  cutters  can  be  had  with  either  i5°,  00^,  or  W,  in- 
eluded  angle. 

"\Ve  have  considered  up  to  the  present  time,  only  such  cutters 
as  are  made  from  a  single  piece  of  steel.  In  large  cntters,  how- 
ever, the  cost  of  the  steel  becomes  an  important  item,  and  there  is 
danger  of  losing  a  large  amount  of  labor  through  accidents  In 
gardening.  To  make  a  cheap  serviceable  cotter  of  large  s 
(iktomary  to  uae  a  cast-iron  body  with  inserted  steel  teeth.     Tliere 
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;  these  teeth.      I'aually, 
i  blade,  they  are  held  by 


are  several  dilfereut  methods  of  holdinj 

when  the  inserted  tooth  is  in  the  form  of 

taper  pins  or  serewa,  Fig.  197,     TheBe  blades  are  renewable,  the 

cast-iron  liody  being  used  many  times.     A  cheaper,  permanent  cut. 

ter  can  lie  made  by  easting  the  body  around  the  teeth,  thus  makli 

a  very  rigid  support  for  the  blades. 

Another    form    of   inserted -tooth   cutter  consists  of   round 
hardened  steel  pins  driven  into  bolea  in  a  east-iron  body.     Th; 


Fig.  195. 


cutter  is  also  permanent  in  form,  Fig.  19S,  as  broken  teeth  can-] 
not  be  replaced,  and,  when   the  teeth  are  worn  almost  down  I 
the  body,  the  whole  cutter  is  thrown  away. 

Brief  mention  has  been  made  of  cutters  to  generate  irregiilu 
contonrs.     The.se  antlers  »re  known  as  formed  cutters,  and,  except 


Fig.  198. 


in  certain  shapes,  such  as  quarter  and  half  rounds,  are  not  carried  | 
in  stix'k,  but  are  made  only  lo  order.      There  Is  such  a  large  variety 
ot  forma  fur  which  such  cutters  may  be  used,  that  it  is  impossible 
to  give  more  than  a  typical  example.     The  form  shown.  Fig.  iM 

consists  in  reality  of  several  cutters,  some  of  them  of  ordinn 
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Fig.  200. 


and  siwrt,  witli  otlu-rs  of  spcfial  forms,  the  whole  makiDg  a 
.Dg  crutttT  wliost!  olijfft  is  very  ajijiHrent, 

Aiiiotig  tlif  btiiiular<I  slifijies  of  formed  cutters  are  aome  which 
e  now  carrii'il  in  stot-k  for  |ii'oiiiiciiii:  t-crtain  tools  which  require 
(.-nittirs   of   d<-firiir.>    vi-t    [.(riiliur    form. 


iM{f   tliese    may  be 
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uientioned  oiilterfi  fur  Hutiiif^  tape,  reatnera.  and  twist  drills,  cut- 
ters for  sprocket  and  gear  teeth,  and  eiitlere,  known  as  bobs,  for 
the  production  of  worm  gears.     Sev  Fig.  200. 

End  Mills.     All  the  cutters  thus  far  mentioned  are  provided 
with  central  holes,  aud  are  inteudwl  to  be  mounted  on  an  arbor  J 
which   is  carried  by  the  spindle  and  supported  in  some  suitable  j 
manner  at  the  outboard   end.      There  ia  an  entirely  different  class    ' 
of  cutters,  however,  which  are  supported  by  the  spindle  only,  and 
are  provided  with  teeth  on  the  end  of  (he  cutter.     These  are  known  ( 


as  end  mills.  They  are  made  iu  a  great  variety  of  shaj>es  and 
sizes,  the  ordinary  end  mill.  Fig.  JJ)!,  being  cylindrical,  with 
either  a  right  or  left-hand  spiral. 

A  special  fonn  of  eud   niiH   for  making  T-alots  is  called  the 
T-slot  cutter,  and  is,  in  reality^  a  small  side  milling  cutter  carried  i 
by  a  email  central  stud,  see  Fig.  202.     Dovetail  cutters,  and  cut- 


ters  of  various  angles  for  making  ratchets,  are  merely  variatioua  of  ] 
the  tiud  mill. 

When  eud  mills  are  made  of  large  siiu^.  they  can  be  furnished  ' 
with  inserted  teelh  similar  to  those  used  on  cutters  for  the  arbor. 
See  Fig.  203.  The  heaviest  end  mills  for  the  milling  machine 
are  sometimes  n)ade  as  large  u«  fifteen  to  twenty  inches  in  diam- 
eter, the  cast-iron  body  being  screwed  directly  on  the  nose  of  tlie 
spindle,  making  a  very  powerful  and  fast-cntting  tool. 

The  plain  milling  cutter  is  mounted  on  an  arlmr  in  a  waT^ 
very  simihir  to  that    in  whicii  its  prololyiie.  llie  circular  aiiw,  wa( 
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monDted.  For  nae  in  the  lathe,  this  is  usually  centered  at  both 
ends  and  driven  by  a  dog.  When  used  in  a  regular  milling 
machine,  the  arbor,  Fig,  204,  is  fitted  with  a  heavy  taper  shank 


with  a  tongue  at  the  end  for  driving,  and  washers  of  varying 
thickness,  so  that  cutters  of  different  widths  may  be  used  on  the 
arbor,  and,  to  suit  the  position  of  the  work,   in  different   posi- 


L 


tiouB  on  tile  siinic  uiIh 
absolutely  piirallcl  fju' 
\hD  arbor  is  tiijliteiii'ii, 
tlie  irregularity  in  tli 
provided  witli  a  ueiiUT 


FJR.  203. 

Till'  wasliers  and  the  cutter  must  have 

OtlnT\vise.  when  the  nut  at  the  end  of 

lere  will   be  s]irii]jTing  of  the  arbor  due  to 

iriess.     Tile  outboard  end  of  the  arbor  is 

V  straight  pin  to  be  steadied  by  the  over- 
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banging  arm,  and  the  nut  on  the  arbor  should  not  be  tightened 
until  this  ami  is  in  position,  as  there  is  danger  of  springing  the 
arljor  by  the  leverage  of  tlie  wrench. 

Wherw  the  cutter  teeth  are  formed  integral  with,  or  fastened 


Pig.  S04. 

to,  the  taper  shank,  as  in  the  case  of  end  mills,  the  shank,  if  it  be 
of  ft  proper  size,  is  forced  directly  into  the  taj)er  hole  in  the  spindle. 
In  many  cases,  however,  the  taper  shank  of  the  cutter  is  much  too 


Pig.  205. 

small  to  Jit  the  spindle  hole,  and  taper  collets,  Fig.  205,  are  used 
to  bush  down  the  spindle  liole  to  the  proper  size.  Of  course,  it  is 
necessary  that  the  axes  of  the  outer  and  inner  tapers  should  coin- 


Pig.  206. 

cide,  otherwise  the  cutter  will  not  run  true.     In  some  casea  it  is 
necL'tiiiary  tu  use  two  collets,  one  within  the  other,  before  intro- 

diK-ing  the  cutter  shank. 


U4 
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When  shell  end  mills.  Fig.  20f).  are  used,  b  special  form  of  , 
taper  shank  ie  employed  which  can  take  si^veral    different   si:Gea 

of  cutters.     The  fonstruction   is  ao  ohvious  from  the  illtistmtion 
that  e:(planatiuii  is  iiunei-essary. 

End  iiiiils.  held  on  taper  shanks,  rely  on  the  friction  of  the 
taper  for  holding  in  position,  allhongh  l>eing  driven  by  a  tongae 
at  the  end  of  the  shank.     Therefore,  cntters  of  this  description   . 
sliould  not  have  a  spiral  in  a  (liret.-tion  which  would  tend  to  pull 
the  cutter  out.     This  is  not  a  si-rions  olijection  when  nsing  the  ■ 
cylindrical   portion  of  the   cutter, 
hut,  when    using  the  end   of  the 
t'utter,  it  means  that  the  teeth  c-an 
liHve   no   rake    and    must    scrape. 
rather  than  cut  the  work.    In  order   > 
lu  use  a  leading  spiral  on  the  cutter, 
the  shank  must  W  held  positively  | 
in  the   spindle.     This   nsnally    is   ' 
accomplished     by    inserting   in 
threaded  hole  at  the  rear  end  of  the  ^ 
shank,  a  rod  which  extends  through 
the  hollow   Bpindle  and  brings  up 
agaijifftacollaron  theoutside.  This 
can  i)e  sot  np  solidly,  and  all  danger 
(if  loosening  np  of  the  cutter  shank 
will  Iw  avoided. 

AVhen  the  cutter  is  small,  as 
compared  with  the  diameter  of  the  spindle  taper,  a  screw  collet 
may  be  used,  as  the  friction  of  the  collet  will  be  greater  than  the 
tendency  of  the  leading  spiral  to  move  the  cutter  from  the  spindle. 
Again,  these  screw  collets  are  commonly  made  of  machine  steel, 
while  the  end  mills  are  made  from  tool  steel.  The  short,  steep 
taper  and  threadetl  end  are  shorter  than  the  long  taper  shank,  and 
therefore  make  a  cheajier  cutter. 

One  of  the  best  means  for  iLoliling  pmall  end  mills  is  by  the 
use  of  spring  collets.  Fig.  ^H)".  wlLii'h  ciin  firmly  grasp  the  straight 
shank  of  the  cuttiT.  AVIuti  ciLttcrs  arc  to  be  changed  frequency, 
this  is  a  [wrlicnliirly  suiisfactory  method,  although  it  will  not 
jinswer  for  ruugbiug  i.-uls  witii  i-nttcrs  of  large  diameter. 


Fig.  208. 
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Au  ordionry  drill  cliiick  can  l>e  held  in  the  spindle  by  uie&nB 
u(  a  taper  ehank,  and  fiiniiBh  a  means  of  holding  etraight-ehauk 
drills  and  other  siiiall  stmight-shank  IooIb. 

A  very  eoiiveiiienl  niethud  of  holding  (■(.■rtain  tools  fOnHiBta 
in  fitting  a  three- jawed  iiniveraal  latho  chuck  to  thtJ  threaded  nose 
of  the  spindle,  thus  enabling  etraight- shank  tools  of  large  size  to 
be  held  lirnily  and  accurately,  Cultera  of  any  kind  are  rarely- 
held  in  chucks  on  the  milling  machine,  but  a  large  number  of 
other  small  tools  can  lie  thus  fastened  to  very  great,  advantage. 

In  taking  up  the  subject  of  machines  devoted  especially  to 
milling,  it  ia  well  to  consider   that  the  transition    from 


the  lathe  to  the  sjiecial  milling  iiiacliiiie,  is  bridged  by  an  attach- 
ment to  the  lalhe  by  which  the  functions  of  the  milling  machine 
were  well  served.  This  \s  especially  noticeable  in  milling  attach- 
ments attached  to  twnch  lathes,  Fig.  208,  said  attachment  being 
mounted  on  a  foot  connected  with  the  end  of  the  lied,  and  the 
head  stock  turned  around  on  tlie  bed  to  serve  as  a  spindle  for 
the  milling  attachment.  This  tem|K>rary  arrangement,  which  is 
still  used  as  a  combination  in  some  eases,  led  to  the  introduction 
of  the  bench  miller.  Fig.  20'.!,  which  was  naturally  intended  for 
small  work  only,  and  therefore  is  not  provided  with  automatic 
feeds,  band  feeding  by  means  of  levers  being  used, 

Aa  this  bench  milling  machine  ooniprises  all  the  essential  ele- 
ments of  the  more  elalxirate  machinefi,  it  will  be  well  to  call  atten- 
tiou  to  the  ^trincijml  parts  of  the  machine  and  their  functions. 


1« 
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The  horizontal  milling  machine  coiiaista  of  a  frame  or  Ikjh 
fltnicture  t-arniiig  a  Iiorrizontal  spindle  in  the  upper  portion, 
together  with  brackets  or  an  overhangiog  arm  to  stewiy  the  ■ 
spiudle.  The  front  of  the  machine  is  carefully  scraped  at  right  * 
angles  to  the  spindle,  and  there  is  mounted  thereou  a  knee,  ita 
upper  surface  being  parallel  to  the  spindle  in  the  horizontal  plana 
and  capable  of  itioveinent  in  a  vertical  direction.  This  knee  carries 
what  is  known  as  the  saddle,  the  upper  portion  of  which  is  also  par- 
allel to  the  spindle.  The  move- 
ment of  the  saddle  is  towards  and 
from  the  frame  of  the  machine, 
and  therefore  parallel  to  the 
spindle.  The  saddle,  iu  turn, 
carries  tlie  table  to  which  the 
work  is  attached  liv  means  which 
will  lie  described.  The  upper 
surface  of  the  table  is  jtarallel 
to  the  spindle,  and  the  table 
movemeut  i;<  at  right  angles 
to  the  spindle  in  tLe  horizontal 
plane. 

The  combination  of  these 
three  motions,  at  right  angles  to  the  spindle  in  the  vertical  plane, 
parallel  to  the  spindle  in  the  horizontal  plane,  and  at  right-angles 
to  the  spindle  in  the  horizontal  plane,  give  to  the  milling  machine 
what  is  known  as  its  range.  It  allows  any  portion  of  the  table  to 
be  brought  under  the  cutter  at  any  distance  covered  by  the  verti- 
cal  feed. 

Among  the  principal  advantages  of  the  milling  machine,  are 
the  wide  range  of  working  capacity  and  the  accuracy  with  which 
the  table  can  be  placed  with  relation  to  the  cutter.  This  accuracy 
is  obtained  by  means  of  graduated  dials  on  the  feed  screws,  which 
are  read  directly  to  .001  inch,  and,  by  estimation,  to  .00025  inch. 
For  many  years  the  milling  machine  was  the  only  tool  which  sup- 
plied these  micrometer  graduations,  but  they  are  now  being 
applied  to  nearly  every  class  of  machine  tool  in  which  accurate 
adjustment  is  necessary.  A  very  common  method  of  gradnation 
is  by  the  use  of  a  screw  with  a  pitch  of  j  inch  and  200 graduations 


Fig.  209 
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on  its  dial.  In  some  cases,  a  screw  with  a  pitch  of  ^  inch  is  need 
with  2oO  graduations,  hut  it  is  always  safe  to  assume  that  the 
Eiiiglu  graduation  on  a  milling  machine  means  a  movement  of 
.001  inch. 

Lost  motion  or  backlash  between  the  Bcrew  and  its  nut  in  any 
of  these  adjustments  is  the  cause  of  frequent  error  and  should  never 


Fig.  210. 

be  neglected.  Even  in  a  machine  in  excellent  condition,  when  the 
motion  of  the  screw  is  reversed,  it  will  turn  through  an  angle  giv- 
ing the  equivalent  of  about  .005  inch  movement  of  the  part  being 
fed  along,  but  with  no  actual  movement  of  the  part.  As  an  ex- 
ample, if,  in  moving  the  table  from  the  column,  the  operator  car- 
ries it  .003  inch  too  far,  it  will  not  suffice  to  simply  turn  the  dial 
back  three  graduations.  The  table  should  be  brought  back  several 
liundredths  of  an  inch,  and  then  advanced  to  within  .003  inch  of 
its  former  position.     In  order  to  facilitate  the  gaick  and  aocorate 


14« 
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reftding  of  iLese  dials,  they  an- 1 
flet  to  zero  whenever  desiied. 

The  nioveiiieiiU  above  de 
work  are  those  neeesBary  for 
machine.  In  order  to  hi 
210.  it  is  necessarv  ihat  tl 


iTrtnycd  so  lliat  they  can  be  readiljj 

frila-d  fiir  ihe  adjustment  of  the 
what  ia  termed  a  plain  rniUing 
universal  milling  machine,  Fig. 
t>aJ 


swung  upon  tlie  eaddle  in  the  horizontal  plane,  so  that  its  feedini 
movement  is  not  at  right  antflea  to  the  axis  of  the  spindle.     Uni^ 
versal  milling  machines  usually  have  a  total  angular  movement  q 
90°,  40°  on  either  side  of  the  normal  position. 

While  the  jnilling  machine  developed  from  the  lathe  throng 

the  Lincoln  miller  to  the  standard  horizontal  universal  macbim 

its  develonmeiit,  for  work  on  which  heavy  cuts  are  necessary,  l 

ti  opposite  course. 
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The  slabbing  miller,  Fi^.  211.  is  of  tin-  pltmer  t_v])e.  the  ci 
rail  carrying  a  rigiilly  BiipporteJ  cutler,  while  tlie  table  Las  the  ' 
comparatively   sluw   feed    required    for   milling.      This   type   of   ' 
machine  is  especially  valuable  where   hroaci    surfaces   are  to   be 
inachiDed  on  pieces  of  work  whieb  are  of  aiicb  sbaiw  that  they  can  J 
be  readily  and  uniformly  supported  to  withstand  the  cut. 

In  order  to  produce  true  work  by  heavy  milling,  it  is  not  only  j 
neceaaary  that  the  work  shall  l*  supported  as  already  outlined,  lint 
also,  that  the  cut  be  nearly  uniform  in  depth  and  width.  Tf  the 
section  of  the  cut  varies  greatly,  or,  even  wilh  uniform  cut,  if  the  i 
work  is  irregularly  supported,  the  metal  will  spring  under  the-l 
influence  of  the  cutter  and  it  will  be  found  that  the  work  is  not  1 
true.  Therefore,  work  of  a  character  that  is  liable  to  be  distorted  \ 
by  the  process  of  milling,  may  easily  be  performed  to  better  J 
advantage  by  the  process  of  planing. 
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Ab  the  planer  is  sometiiues  fiirniBht^l   with  moru  than  one 
head,  so  tliewe  heavy   niilling  rnaehiiies  are  often   fdrniahed  with 
'l.-.     Tw.,  vertiwil  heads  on  the  rail  and  a  fac- 


in-;  luu.i  oil  .■u.h  ii|,iif;lit,  FifT.  21-J.  iimki-a  ;i  iiiachiue  wipithle  of 
removing  a  large  iiniuiiuc  of  itietiii,  if  the  work  ia  of  such  a 
character  as  to  stand  up  under  the  cut. 

It  is  often  desirable,  from  the  point  of  view  of  economy  of 
time,  to  combine  the  operations  of  milling  and  planing,  and,  with 
this  end  in  view,  milling  attachments  are  made  for  the  planer.  Fig. 
21iJ,  and  attached  to  the  cross  rail.     The  changes  required  from 
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the  planer  drive,  are  an  extra  belt  to  rotate  the  cutter  and  a  special 
countershaft  to  slow  down  the  movement  of  the  table.  This  attach- 
ment can  carry  a  slabbing,  gang,  or  formed  cutter  on  an  arbor  for 
horizontal  milling,  or  it  can  carry  t-nd  mills.  Fig.  21-i,  by  turning 
the  bead  through  90",  thus  bringing  the  spindle  to  a  vertical  poai- 
tion.  This  last  arrangement  uf  the  spindle  is  of  great  ntility,  as  it 
allows  cutters  to  reach  down  into  places  which  would  be  inaccessi* 
ble  by  auy  other  means. 

The  advantages  of  the  vertical  milling  spindle  are  so  evident, 
that  nearly  all  makers  of  horizontal  machines  furnish  what  is 
called  a  vertical  bead,  Fig. 
'215.  Tbia  vertical  head  is 
very  rigidly  supported  on 
the  column,  and  by  means 
of  the  overhanging  arm, 
so  that  cnts  can  be  taken 
of  as  great  depth  aa  with 
the  horizontal  spindle.  The 
vertical  spindle  can  also  be 
turned  in  t lie  vertical  plane, 
so  tbftt  an  end  mill  can  he 
used  at  any  angle  with  the 
table. 

There  are  eeveral  ma-  ■ 
chines  made  in  which  the 
vertical  spindle  atone  is  employed.  Fig.  216,  there  being  no  pro- 
vision for  a  horizontal  spindle. 

Such   machines  are   provided   with  the  feed   motions  of  the 
horizontal  tyjw,  and  also  with  a  rotating  tahle  by  which  circular 
work  can   be  done.     A  large  amount  of  work  formerly  done  in 
lathes  is  now  being  done  in  vertical  spindle  machines,  as  well  as  j 
many  pieces  formerly  machined  on  planers  and  shapers. 

The  duplex  miilitte  machine.  Fig.  217,  has  both  the  horizontal  J 
and  vertical  spindles  combined  in  one.  which  allows  the  spindle  to  be 
placed  at  any  angle  from  horizontal  to  vertical,  and  combines  all  ' 
the  good  points  of  both  machines.     The  head  of  the  duplex  miller 
can  Im  moved  out  over  the  table  in  such  a  way  as  to  greatly  increase 
the  range  of  the  machint),  and  this  head  is  also  provided  with  a 


I 


152 


MACHIXE  SHOr  WORK 


drilling  attachment  whereby  holes  iimy  be  drilled  at  any  angle. 
Attention  ia  called  to  the  rope  drive  on  this  machine  by  means  of 
a  twisted  rawhide  belt  or  rope.  This  makes  a  very  smooth  sod 
qniet  drive. 

In  order  to  accouiiiiodate  different  sizes  of  cutters,  maintain  a 
uniform  cutting  speed,  and  also  to  allow  for  difference  in  hardness 
of  the  material  being  worked,  it  is  net^eesary  that  the  milling 
machine  slmnld  Iw  Pitpjiliert  with  peveral  speeds.     lu  the  ordinary 


milter  we  nsiialty  have  a  foitr-stup  cone  with  back  gears,  which 
gives  eight  speeds  with  a  single  overhead  belt.  The  conn tursbafts 
for  these  machines  are  of  the  friction  type,  and  are  supplied  with 
two  driving  pulleys  In  order  that  the  machine  may  be  driven  in 
either  direction.  Hut,  if  the  reverse  motion  is  not  desired,  there 
can  be  two  pulleys  driving  in  thu  same  direction,  but  at  different 
speeds,  giving  a  total,  including  the  back  gears,  of  sixteen  speeds 
for  each  machine.  The  speed  used  on  any  particular  work  depends, 
as  before  stated,  on  the  diameter  of  the  cutter  and  the  character 
of  the  work.  Thus,  with  carbon  steel  cutters,  the  cutting  spe^ 
will  be  30  to  00  feet  per  minute.  With  high-speed  steel  cutters, 
nearly  double  these  speeds  may  be  maintained,  if  the  drive  of  the 
machine  is  strong  enough  to  pull  the  cut. 
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When  naing  very  small  ciittere,  the  machine  itself  will  not  J 
giveaspeed  which  is  high  enough  to  eiiit  tlie  diameter  of  the  eutter.  | 
For  BUch  work,  a  high-Bpctnl  atlathment.  Fig.  21iS,  is  furnished,  \ 
by  which  the  small,  light  cnttei-a  may  be  driveu  at  a  suitable  rate.   I 

Of  equal  importance  with  the  correct  speed  for  the  cutter,  ia  { 
the  maximum  feed  or  table  speed,  which  is  reckoned  in  inches  per  ' 
minute.  A  more  logical  method  of  designating  the  feeds,  and  one  J 
which  has  lieen  adopted  by  several  makers,  is  to  give  the  advance  I 
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of  the  table  in   tLousaadthB  of  an   inch   for  every   turn   of  the 
spindle. 

Based  npon  the  use  of  the  ordinary  carbon  Btee!  cutters.  The 
Brown   &  Sharpe  Co.  have  prepared   the   following   etateineDts 


V,g.  217. 

regarding  the  speed  of  inilla:  •-  It  ia  impossible  to  give  definite 
rules  fur  the  speed  and  feed  of  milla.  The  judgment  of  the  fore- 
man or  iTian  in  charge  of  the  uiaehine  should  determine  what  ia 
beat  ill  eaeh  instance. 

"  As  usually  the  highest  poEsible  speed  and  feed  are  desirable, 
it  pays  to  increase  them  both  until  it  is  Been  that  something  will 
break  or  burn,  and  then  reduce  to  a  speed  and  feed  of  safety. 
Sometimt's  the  speed  must  be  ^edu(^ed,  and  yet  the  feed  need  not 
be  changed. 
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"The  average  speed  on  wrought  iron  and  annealed  steel  ia, 
perhapB,  40  feet  per  minute,  which  gives  about  sixty  turns  per 
minute  with  mills  2A"  in  diameter.  The  feed  of  the  work  for 
this  surface  speed  of  the  mill  can  be  about  IJ"  per  minute,  and 
the  depth  of  the  cut  abont  ^'^ ".  In  cast  iron,  a  mill  can  have  a 
surface  speed  of  about  60  feet  a  minute,  while  the  feed  is  1^"  per 
minnte  and  the  cat  ■j',"  deep.  In  tongh  brass,  the  speed  may  be 
80  feet,  the  feed  the  same  as  in  cast 
iron,  and  the  chip  ^y". 

"As  small  mills  cat  faster  than 
large  ones,  an  end  mill,  for  example, 
^"  in  diameter,  can  be  ran  about  400 
revolutions  per  minute  with  a  feed 
of  4"." 

Addy,    an     English    authority, 
gives  as  a  safe  speed  for  cutters  of  6" 
diameter  and  upwards: 
Bteel,  36  rt.  per  minute  with  a  feed  of  X" 

per  minute. 
Wrought  Iron,  4S  ft.  per  minute  with  a 

feed  of  1"  per  minute. 
Cast  Iron,  60  ft.  per  minute  with  a  feed  of 

1 V  P'^''  minute. 
Brass,  120  feet  per  minute  with  a  feed  of 
2%"  per  minute. 

He  also  gives  a  simple  rule  for 
obtaining  the  speed:  The  number  of  revolutions  which  the  cutter 
should  make  when  working  on  cast  iron  ^  240  divided  by  the 
diameter  in  inches. 

The  following  table  has  been  prepared  by  Messrs.  Brown  and 
Sharpe  to  give  the  speed,  feed,  and  depth  of  cut  that  can  be  obtained 
with  a  machine  similar  to  that  illustrated  in  Fig.  210. 
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SURFACE  JWILLINa  OF  CAST  IRON. 
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SURFACE  MILUNQ  OP  SOFT  MACHINERY  STEEL. 
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END  OR  PACE  MILLING  OP  CAST  IRON. 


Diam. 

Rey. 
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Minute. 

Speed  of 

Cutter 
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Minute  in 
Feet. 

Depth  of 
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Inches. 

Width  of 
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FACE  MILLING  OF  SOFT  MACHINERY  STEEL. 


Diam. 

of 

Mill 

in 

Inches. 

Rev. 

per 

Minute. 

Speed  of 

Cutter 

per 

Minute  in 
Feet. 

Depth  of 
Cut  in 
Inches. 

Wilthof 
Cut  in 
Inches. 

Feed  per  Minute. 
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of  S.  M.S. 
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The  milling  machine,  and  in  fact  all  the  machines  of  the  shop, 
can  do  efficient  work  only  when  they  are  well  cared  for.  An 
important  element  is  that  they  should  be  kept  clean  and  well  oiled. 

Great  care  should  be  exercised  that  chips  do  not  get  into  the 
holes  in  the  spindles  or  between  the  arbor  collars. 

When  at  work,  the  milling  cutter  is  kept  flooded  with  oil  or 
a  solution  of  sal  soda  as  already  specified  for  lathe  work. 

Oil  is  used  in  milling  to  obtain  smoother  work,  to  make  the 
mills  last  longer,  and,  where  the  nature  of  the  work  requires,  to 
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wash  the  chips  from  the  work  or  from  the  teeth  of  the  cutters.  It 
is  generally  used  in  milling  a  large  nniiiber  of  pieces  of  steel, 
wrought  iron,  malleable  iron,  or  tough  bronze.  Frequently  when 
only  a  few  pieces  are  to  be  milled,  it  is  not  used,  and  some  steel 
castings  are  milled  without 
oil;  also  in  cutting  cast  iron  ' 
it  is  not  used.  For  light, 
flat  cnts  it  is  put  on  with  a 
hrufih,  giving  the  work  a 
thin  covering  like  a  varnish; 
for  heavy  cuta  it  should  be 
led  to  the  mill  from  the  drip 
can  that  is  usually  sent  with 
each  machine,  or  it  should 
be  pumped  upon  or  across 
uilling  several  grooves  at  one 


Q 


D 


the  t 


ill  when  cutting  deep  groovi 


L 


indeed,  iu  milling  any  work  where,  if  the  chips  should 
■  stick,  they  might  (yitch  between  the  teeth  and  aides  of  the  grooves, 
and  scratch   or  l)eud  the 
work. 

The  Brown  &  Sharpe 
Co.  recommend  the  use  of 
lard  oil  iu  milling.  Any 
animal  [or  fish  oil,  how- 
ever, may  be  used,  and 
then  separated  from  the 
chips  by  the  use  of  a  cen- 
trifugal separator,  or  by 
dumping  into  a  tank  of 
water.  In  the  latter  meth- 
od, the  chips  fall  to  the 
bottom  and  the  oil  rises  to 
the  top,  whence  it  may  be 
drawn  off  with  but  little 

waste. 

, ,         ,   ,  .  Pig.  220. 

Ouoof  the(i]icnitio[is  ^ 

for  which  the  iiiiller  is  particuliirly  adapted  is  the  laying  out  aad 

drilling  of  holes  which  rccjuire  to  be  accurately  placed.     The  grad. 
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uated  feeds  of  the  milling  machiDe  allow  the  distanceB  to  be  set  off 
as  closely  as  .00025  inch,  and  holes  can  also  be  drilled  to  a  given 
depth  with  equal  accuracy.  In  starling  hoh's,  it  is  best  to  nse  a 
fi[K)ttiug  drill.  Fig.  219,  which  is  extremely  rigid  mid  perfectly  true. 
The  B])ot  made  should  be  slightly  greater  iu  diameter  than  the  drill 
to  be  used.  The  drill  should  be  what  is  known  as  reamer  size,  that 
is,  ,'^  iuch  below  the  standard,  and  the  hole  may  then  be  reamed, 
either  in  one  ojieration,  using  a  standard  reamer,  or  by  first  using 
a  machine  reamer,  which  is  abont  .005  inch  under  size,  to  be  fol- 
lowed by  the  standard 
reamer.  It  is  evident  that 
holes  thus  drilled  and 
reamed  will  be  parallel, 
and,  by  using  the  vertical 
head,  holes  can  be  drilled 
at  right  angles  in  like 
manner.  When  extreme 
accuracy  in  holes  is  de. 
maiided,  a  boring  bar  may 
be  used  after  the  drill  in 
oi-df  r  to  correct  any  error 
due  to  the  running  of  the 
drill  itself. 

Spllnins  Shafts.  An. 
other  operation  suited  to 
the  niilling  machine,  al- 
though sometimes  per- 
formed on  the  shaper  or  planer,  is  that  of  splining  shafts.  The 
slots  in  the  tuble  give  the  proper  alignment  to  the  shaft,  the  cutter 
can  be  set  with  correct  relation  to  the  axis  without  difficulty,  and 
the  spline  cut  full  depth  at  one  operation.  The  only  objection  to 
this  form  of  spline  is  the  curve  at  the  end  due  to  the  shape  of 
the  cutter.  An  end  mill  in  the  vertical  head  can  be  used  to 
remove  this  objectionable  feature,  and  some  splining  machines 
are  made.  Fig.  220,  which  permanently  carry  both  cutters,  so  that 
the  work  can  be  quickly  shifted  from  one  to  the  other. 

The  operation  of  making  dovetails,  which  is  a  delicate  and 
expensive  job  on  the  shaper,  is  readily  performed  on  the  milling 
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luacliiQH,  especially  of  the 
vertical  type.  Fig.  321,  the 
cutter  being  a  form  of  end 
mill  Biiiti-d  to  the  size  and 
angle  of  the  dovetail.  X-^lota 
are  cut  iu  a  eimilar  nianner, 
either  directly  from  the  solid, 
or  hy  following  a  groove  made  I 
with  a  plain  cutter. 

One  of  the  niostcoiuini 
op^mtiona  performed  betwei 
centers  is  the  Huting  of  tap0 
and  reamers,  Fig.  222,  which  I 
is  (iuue  by  the  special  catterS'l 
already  referred  to.     It  wilt  J 
Ik4    noticed    that     the     cutter 
way    that  the  cntting  edge  of  the  tap  or 
It  left  as  Ml  obtuse  angle,  the  tool  will 


L 


should   be  set   in 

reamer  will   be    r 

Biniply  scrape  and  not  cut,  while  if  the  tooth  is  nndercut  to  any 

extent,  it  will  be  so  weakened 

as  to  lie  liable  to  break. 

The  flutes  in  twist  drills 
and  in  spiral  fluted  reamers 
are  also  cut  between  centers. 
bnt,  if  the  cutter  is  carried 
■  directly  by  the  spindle,  the 
operation  requires  a  universal 
machine.  If  the  cutter  be 
carrie<i  by  a  vertical  or  snb- 
head  of  any  kind,  a  plain 
machine  will  answer  for  the 
pnrpose.  The  angle  to  which 
the  table  or  vertical  head  must 
be  set  for  spiral  cutting.  Figs. 
22lfaud  224,  is  the  angle  be 
tweeii  tile  iixis  uiid  t!ie  development  of  the  spiral.  This  angle 
can  be  closely  detenu ineil  by  the  following  graphical  method: 
construct  n  riglit-iLiigled  trisiugif.  liiiviug  a  base  equal  to  the  axial 


Fig.  223. 
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distauce  rBjirBseiited  by  one  full  turn  of  the  Bpiral  and  a  per|(eii- 
dicular  equal  to  the  tirciiniferenc-e  of  the  work.      For  strict  accu- 


Fig.  -J^. 

rat-y,  this  eirciimfereiife  ebould  be  taken  at  one-half  the  depth  of 
the  fliite,  I>raw  the  hypotbeniise  of  thia  triangle,  and  the  angle 
between  the  base  and  the  hyi)othenii8e  may  be  closely  determined 


—AXIAL  LENGTH    ONE   TURN  - 


Fig.  -J^,. 
by  the  nae  of  a  protractor,  and  will  he  the  angle  to  whit-h  the  table 
or  head  mnst  be  set.     Thia  angle  can  lie  more  closely  and  quickly 
determined  by  a  very  simple  problem  in  plane  trigonometry,  viz.: 
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finding  the  sine  of  the  angle.  To  do  this,  divide  the  perpendicu- 
lar of  this  triangle  bj  its  base,  and  obtain  the  value  of  the  angle 
from  a  table  of  Bines, 

Spirals.  The  cutting  of  spirals  requires  another  operati< 
different  from  ordinary  work.  In  addition  to  the  angular  settings 
the  work  luuat  be  rotated,  in  order  to  produce  the  sjiiral,  as  well 
as  fed  forward  to  the  cutter.  This  rotation  of  the  work  niuet  be 
positive,  which  means  geared,  and  one  rotation  of  the  work 
of  course,  equal  the  pitch  of  the  spiral,  which  is  usually  expresi 


Fig.  266. 
as  one  turn  in  "n"  inches.     After  cutting  one  spiral   groove,  1 
work  is  turned  and  indexed  the  same  aa  in  plain  milling. 

Cams.  Both  open  and  closed  cams  can  be  readily  cut  on  i 
plain  milling  machine  by  the  use  of  the  cam-cutting  attachiiient^'X 
Fig.  22!t,  which  nearly  all  makers  are  able  to  furnish.  The  out« 
line  of  the  cam  is  first  laid  out  and  worked  down  by  hand  t 
plain  disc,  or  male  leader,  as  it  ia  termed.  This  leader  and  a  sait^ 
able  blank  are  mounted,  with  their  outlines  coinciding,  on 
spindle  of  the  cam-cntting  attachment.  A  cam  roll  of  the  sizt 
to  be  used  is  mounted  on  a  stationary  roll  stud,  and  an  end  in  ill 
of  the  same  diameter,  or  enough  larger  for  clearancej  is  mounted 
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in  the  milliner  machine  spindle  directly  opposite  the  cam  roll. 
The  spindle  of  the  cam-cutting  attachment  is  mounted  on  a  car- 
riage, which,  by  means  of  a  weight  over  a  pulley  at  the  end  of 
the  milling  machine  table,  is  always  kept  with  the  leader  in 
contact  with  the  cam  roll.  A  worm  and  worm  gear  are  used 
for  rotating  the  attachment,  and  thus  the  spindle  approaches  or 


Fig.  227. 

recedes  from  the  cam  roll  according  to  the  shape  of  the  leader. 
When  cutting  closed  cams,  it  is  sometimes  desirable  to  use  the 
hand -made  male  leader  as  a  form  from  which  to  make  a  closed  or 
female  leader.  This  female  leader  will  surround  the  cam  roll  in 
such  a  way  that,  even  if  the  weight  should  fail  to  act,  no  serious 
damage  can  be  done  to  the  blank.  The  cutting  of  face  cams  dif- 
fers from  the  above  description  only  in  that  the  spindle  of  the 
attachment  is  at  right  angles  to  the  spindle  of  the  milling  machine 
instead  of  parallel  to  it.  The  leader  and  cam  roll  are  used  in  the 
same  manner  as  before. 


Ml 


164 


MACHINE  SHOP  WORK 


Qears.  Tlie  culling  of  gears  of  all  deBfriptiotis  wiw  formerly 
done  on  some  tjjw  of  niilliog  machine,  although  now  each  tjpe 
of  g»ar  has  its  special,  and,  in  inauy  caftes.  automatic  machine. 

The  cutters  for  spur  and  lievel  gears  are  of  two  tj']>Bfi,  pro- 
ducing the  cyeloidal  and  involute  tootb.  For  each  pitch,  the 
cycloidal  syBtein  requires  twenty-four  cutters,  while  eight  cutlers 
Buflioe  for  the  involute  system.  These  cutters  are  plainly  marked 
with  the  style  of  tooth,  pitch,  and  number  of  teeth  for  which  it  is 
suitable.  Some  cutters  nre  also  inarketi  with  the  whole  depth 
of  the  tooth  expressed  in  thousandths  of  an  inch.  Tlie  gear 
blanks,  having  l>een  very  carefully  turned  as  to  outside  diameter, 
are  mounted  on  an  arbor  between  centers,  and  the  cutter  placed  so 
that  its  central  plane  passes  through,  and  is  parallel  to,  the  axis  of 
the  arbor.  The  knee  is  now  raised  until  the  cutter,  when  rotating, 
just  touches  the  outside  of  the  blank.  The  work  is  now  moved 
out  from  under  the  cutter,  aud  the  knee  raised,  using  the  gradu- 
ated dial,  an  amount  equal  to  the  whole  depth  of  the  gear  tootl 


ft 


Fig.  228. 

With  the  exception  of  the  indexing,  the  gear  is  now  ready  to  be 
cut,  Fig.  227. 

In  order  that  the  gear  may  be  accurately  and  quickly  set  for 
each  tooth,  a  dividing  head  is  used,  which  is  shown  in  Fig.  228. 
The  mandrel  upon  which  the  gear  is  mounted  is  hung  upon  the 
centers  AA,  and  firmly  fastened  to  the  spider  B.  The  index  plate 
C  is  geared  to  the  spindle  that  carries  the  spider  B;  the  index 
plate  is  drilled  with  a  large  number  of  holes.  These  holes  are 
arranged  in  circles,  and  are  accurately  spaced  at  equal  distances 
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apart. 


I  D  vHrries  h  stem  E,  havjiiir  a  knurled  heiad  at  ooe 


1^11(1  «nd  a  pin  at  the  other.  The  pin  is  held  in  one  of  the  boles  of 
the  index  plate  hy  a  spring.  The  arm  I)  can  lie  moved  to  any 
desired  position,  relatively  to  the  index  plate,  and  there  fastened. 


Whei 


ajreHr 


i  to  be  cut,  tke  ami  D  is  moved  so  tlint  the 


pm 


ia  opposite  a  row  of  boles  the  uumWr  of  whieh  ib  the  same  or  a 
ninltiple  of  the  nniiil»er  of  teeth  to  be  eut.  Thns,  snp[iose  a  gear 
with  45  teeth  is  to  be  made.  Tho  pin  may  be  set  opposite  the  circle 
of  !'0  boles.    Assnining  that  the  ratio  of  revolution  between  D  and 

B  lu' 40  111  1  :   -j'.  <if  a  revuliitiou  at   K  requires  J  ^  of  a  revolution 


at  I). 

fSU  holes,  for  each  KmhIi  eiit. 

Bevel  gears  are  held  on  an  arbor  lu  tiio  dividing  head,  which 
is  swnng  np  to  bring  the  Ijottoin  of  the  toolh  [wrailel  wiih  the 
table.  Fig.  U'2'.i.  Aa  all  parts  of  ibe  tooth  of  a  Iwvel  gear  are  ele- 
ments of  a  cone,  it  is  evident  that  both  the  tooth  an<t  tlie  epaco 
should  vanish  at  the  apex  of  the  cone.     No  solid  cutter,  therefore, 

I  can  do  more  than  give  an  approxiimHely  eorn-ct  shape  to  the  tooth. 

Efioinetimes  two  enta  are  made  in   onler  to  more  nearly  apjiroach 

"perfection. 

Spiral  gears  are  cut  in  the  same  manner  as  any  other  spiral 
that  is,  by  using  the  angnlat  setting  of  the  bead  or  lahle  together 
with  positive  rotation  of  the  work. 


Worm  gears  pan  \w  lioblieJ  ont  by  two  different  methods. 
Ttiu  mort<  coininon  way  'is  to  gaali  the  blank  with  a  stocking  cutter, 
then  iiionnt  it  on  an  nrbnr  lieltl  loosely  between  centers  so  that  the 
hoi),  when  siiitk  into  the  gashes,  will  rotate  the  blank.  The  blank 
is  raised  slowly  until  the  lioh  reachea  the  proper  depth.  A  more 
accurate  iiiethoJ  is  to  positively  rotate  the  blank  at  a  speed  eorre- 
aponding  to  the  pitch  of  the  bob,  and  raise  the  rotating  blank 
against  the  rotating  hob  until  the  proper  depth  is  obtained.  This 
method  ruqaires  no  preliminary  gashing.     See  Fig.  2:^11. 


Fig.  231, 

Rack  cutting  requires  a  special  at tiichment,  Fig.  2.JI,so  that  the 
cutter  Bjnndle  iriay  Iw  carried  at  right  angles  to  the  length  of  the  tal)le. 
THE  ORINDINO  ilACHlNE. 

When  greater  accuracy  than  that  obtainable  on  the  tnilling 
machine  or  the  lathe  is  required,  recourse  is  had  to  gninding. 
Tlie  oiHTation  dejiends  upon  the  abrasive  or  cutting  qualities  of 
emery,  cornnduni  and  carbornndum.  With  work  piO|)erly  held 
to  a  solid  grinding  wheel  it  is  not  difficult  to  attaiii  great  accuraev. 
By  means  of  ibe  grinding  TiiaebiTie,  parts  may  be  economically 
tinisiied  even  in  hardened  steel  that  could  not  possibly  be  machii)e«.l 
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The  grinding  machine  consists  of  a  strong  base  A,  upon 
which  there  is  mounted  a  headstock  B  and  a  tailstock  C  similar 
in  action  to  those  of  an  ordinary  lathe.  Back  of  this  there  is  an 
emery  wheel  driven  by  a  separate  belt.  The  principle  of  operation, 
for  round  surfaces,  is  that  the  part  to  be  ground  is  put  upon  tlie 
centers,  and  driven  exactly  as  in  the  ordinary  lathe.  The  only 
additional  precaution  to  be  taken  is  that  tlie  driving  api>aratus 
should  l)e  secure,  so  thai  there  is  no  looseness  of  the  parts.  This 
insures  a  continuous  motion  for  the  piece  with  no  possibility  of 
any  bhick-lash.  The  piece  turns  towards  the  operator,  and  the 
emery  wheel  runs  in  the  same  direction.  The  two  surfaces  of 
wheel  and  work  in  contact  ai*e,  therefore,  moving  in  opposite 
directions. 

The  head-  and  tailstocks  are  mounted  upon  a  traveling 
table  I) ;  this  table  moves  back  and  forth  in  the  same  manner  as 
the  platen  of  a  planer.  It  is  made  to  stop  automatically  at  each 
end  of  the  stroke. 

When  work  is  being  done,  the  piece  is  centered,  with  its  axis 
parallel  to  the  line  of  travel  of  the  table.  With  the  piece  and 
emery  wheel  in  motion,  the  former  travels  to  and  fro  in  front 
of  the  lathe.  The  wheel  is  then  gradually  moved  forward  until 
it  has  ground  the  work  down  to  the  size  required. 

It  is  not  intended  that  large  amounts  of  metal  shall  be 
removed  by  this  machine.  Its  object  is  to  reduce  to  accurate 
dimensions  the  work  that  has  already  been  tunied  in  the  lathe. 
The  projx^r  method  to  pursue  is  to  turn  the  piece  to  as  nearly  the 
required  diameter  as  possible  in  the  lathe,  care  being  taken  that  it 
is  left  a  trifle  large.  This  may  be  .01  inch  on  each  2  inches  of 
diameter.  The  surplus  metal  may  then  be  removed  by  grinding. 
In  the  machine  illustrated  in  Fig.  232,  the  transverse  movement  of 
the  wheel-stand  is  adjusted  by  a  hand-wheel  graduated  to  read 
to  .001  inch  on  the  diameter  of  the  work.  The  machine  is  also 
provided  with  an  automatic  cross-feed,  which  gives  a  range  of 
advance  of  the  wheel  varying  from  .00025  inch  to  .004  inch  at 
each  reversal  of  the  table.  This  feed  is,  furthermore,  so  arranged 
that  it  can  be  automatically  released  at  any  point. 

This  method  of  finishing  is  also  used  for  pieces  that  have 
been  case-hardened.     Case-hardening  always  warps  the  metal  to 
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which  it  is  applied.  Grinding  is  resorted  to  in  order  to  reduce  it 
D<)  the  proper  shape.  An  example  of  this  may  be  taken  in  the 
method  used  in  the  manufacturing  of  wrought-iron  locomotive 
crank-pins.  The  pin  is  forged  and  turned  to  as  near  the  working 
size  as  possible.  It  is  then  case-hardened  and  ground  to  exaci 
truth  and  dimensions. 

Grinding  is  also  used  for  truing  work  that  comes  from  the 
lathe.  The  lathe  does  not  turn  its  work  round,  owing  to  differ- 
ence in  the  density  of  the  metal,  the  variation  of  the  cutting 
speed,  the  dulling  of  the  tool,  the  lost  motion  on  the  centers  and 
in  the  spindle,  and  the  springing  of  the  work  itself  due  to  the 
pressure  of  the  tool. 

SPEED  OP  GRINDING   WHEELS. 


DiAMKTF.K 
OK  WllEKh 
IN  ISCHKrt. 


1 

H 

2 

^ 

3 

3i 

4" 


Maximum 

DiAMETSB 

Revolutions 

OF  Wheel 

I'KB  Ml>'UTB. 

IN  Inches. 

19,000 

6 

12,600 

6 

19,000 

7 

8,800 

8 

7,400 

9 

0,300 

10 

6,600 

12 

Maximum 

Diameter 

liEVOLUTIOXM 

OF 

Wheel 

PER  Minute. 

IN 

INCHKH. 

4,400 

14 

3,700 

16 

3,160 

18 

2,770 

20 

2,460 

22 

2,210 

24 

1,860 

26 

Maximum 

Revolutions 
PER  Minute. 


1,680 
1,880 
1,230 
1,100 
1,000 
920 
860 


The  grinding  machine  remedies  this  to  a  great  extent.  Partly 
because  only  a  very  slight  pressure  is  brought  against  the  work ; 
partly  because  of  the  greater  delicacy  of  adjustment  of  the 
grinding  machine  as  compared  with  the  lathe. 

The  method  of  grinding  flat  surfaces  is  pitictically  similar  to 
that  used  for  round.  The  work  is  bolted  to  the  table  and  moved 
to  and  fro  beneath  the  emery  wheel,  which  is  given  a  transverse 
movement  so  as  to  cover  the  whole  of  the  surface  to  be  operated 
upon.  The  surface  speed  of  the  wheel  may  range  from  8,000  to 
5,000  feet  per  minute. 

The  above  table  gives  the  maximum  speeds  of  cabonindnm 
wheels  of  various  diameters. 

The  accuracy  of  grinding  renders  tfaa  me  of  fine 
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EtooU  a  neoessitj.      The  micrometer  caliper,  eepeciallj  with   the 
■  Vernier  graduation,  is  best  suited  for  this  work. 

While  grinding  is  tlie  only  method  of  finishing  some  mat^- 

[  lialfl,  hupIi  as  liardeued  tool  steel,  and   the  most  accurate  way  for 

lifinialiing  any  kind  of  stock,  its  value  as  iin  economical  method  is 

Ejuat  beginning  to  be  recognized.     The  general  method  of  finishing 

I  lathe  work  has  Ijeen  to  take  a  roughing  cut  with  about  iV  >ncb 

feed,  then  a  iinishing  cut  with  about  ^Jo  inch  feed,  and  then  6Ie 

tn  remove  the  tool  marks.     In  the  majority  of  ctises  it  is  more 

ecoiioniicul  iis  WL'll  as  more  accurate  to  take  a  roughing  cut  with 

I  finch   feed  to  within  ■,']   inch  of  tlie  size,  and  then  finish   by 

grinding. 

In  some  cases  it  is  possible  to  get  excellent  results  by 
grinding  to  size  direct  from  the  bar  witliout  previous  tnniing. 

Lapping  is  a  term  applied  to  a  particular  method  employed 
in  the  grinding  nut  of  holes.  The  lap  consists  of  a  cylinder  of 
bsoft  metal  run  rapidly  inside  the  hole  to  Iw  lap{jed  and  covered 
,  with  emery  and  nil  at  the  same  time.  The  surface  of  the  lap 
shcmid  invarial)ly  Ije  of  soft  inetJil.  It  niiiy  b'>  nia<lc  of  copjier,  or 
it  may  be  an  iron  bar  with  a  covering  of  lead  or  tin.  It  should 
he  turned  slightly  tapering  at  each  end,  so  that  it  will  enter  the 
hole.     At  the  middle,  it  should  be  a  tight  fit. 

Tlie  end  of  the  bar  is  run  through  the  hole  and  set  on  the 
lathe  centers  with  a  dog  to  drive  it  like  an  ordinary  mandrel.  It 
is  covered  with  oil  and  sprinkled  with  emery.  The  lalhe  is  then 
run  at  a  liigh  speed  and  the  work  moved  to  and  fro  over  the  lap. 
Light  pieces  may  be  lield  in  tlie  hand.  When  this  is  done,  care 
should  be  taken  to  turn  Uie  piece  so  that  tlie  grinding  may  be 
even  over  the  whole  eircuniference.  The  tendency  is,  when  hold- 
ing work  in  the  hand,  to  allow  it  to  rest  upon  the  top  of  tlie  lap; 
this  causes  tlie  grinding  to  lie  done  on  one  side  of  the  bole  unless 
the  piece  is  frequently  turned.  LiL]>s  ni.iy  lie  used  for  grinding 
holes  true  and  parallel.  For  this  imrpose  the  work  should  be 
accurately  centered  with  the  hiji  and  firmly  bolted  to  the  lathe 
carriage.  'ITie  hqi  is  then  run  at  a  high  speed  and  the  work 
moved  to  and  fro  over  it- 

I^aps  are  soinetirne.-i  used  for  grinding  flat  surfaces.  In  such 
CBBPft  Uiey  are  iu  the  form  of  disks.     They  are  put  on  tlie  lathe 
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spindle  in  the  place  of  the  faceplate.  Hie  work  is  then  pressed 
agiiinst  the  disk.  As  tbe  outer  edge  of  the  disk  has  a  bigber 
speed  in  feet  traveled  per  minute  than  those  portions  nearer  the 
center,  the  grinding  ia  more  rapid  at  the  edges.  The  work  must, 
therefore,  be  constantly  turned  if  it  is  held  in  the  band.  The  best 
way  is  to  clamp  it  firmly  on  the  lathe  canii^,  and  press  it  against 
the  lap  by  means  of  the  hand  feed. 


Kg.  33a 


Laps  for  flat  surfaces  have  grown  in  fovor  so  ntpidly  that 
specinl  machines  have  been  made  to  do  thia  work.  The  coastmo- 
tion  of  the  disk  grinder  can  be  bo  readily  seen  from  the  illustration 
(Fig.  i33),  that  a  detailed  description  does  not  seem  iieceHSaiy. 
For  finishing  small  flat  surfaces,  especially  those  which  have  been 
hardened,  this  machine  has  become  an  important  factor  in  the 
modem  shop. 
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LAYING    OUT  WORK. 

Laying  out  work  is  one  of  the  most  important  details  of 
luacliine  shop  practice.  Ordiniirily  all  work  is  laid  out.  The 
exceptions  are  where  certain  pieces  are  workeil  from  tempIetSi, 
and  in  these  eases  tiie  tt-mplet  is  laid  out  from  c^Ttnin  points  on 
tlie  easting,  forging,  puncliing,  or  whatever  is  used  for  the  work 
in  hand. 

The  simplest  form  of  laying  out  work  is  to  be  found  in  the 
centering  of  round  bars  that  are  to  be  turned  in  the  lathe.  Id 
this  case  the  end  of  the  piece  is  ehalked.  Use  a  [Bir  of  her- 
uiaplii'wlite  calipers,  set  the  points 
A  and  U  so  that  tiieir  distance  apart 
is  a  little  more  tlian  the  radius  of  tlie 
piece.  Place  the  caliper  leg  at  tlii'ee 
points  on  the  circumference.  A,  B, 
and  C  (Fig.  231),  and  describe  from 
each  the  area  of  circles  A'A',  B'B', 
and  C'C,  respectively.  Then  with 
the  priek  punch  inai'k  the  point  in- 
dicated by  the  small  circle  in  the 
center.  This  will  be  the  center. 
To  test  its  accuracy,  place  the  di- 
vider leg  in  the  prick  punch  mark  and  see  if  the  caliper  leg 
will  just  touch  the  bar  over  its  whole  surface. 

Before  drilling,  the  center  should  be  emphasized  with  a  cen- 
ter punch. 

The  center  square  may  be  used  for  this  operation,  as  the 
center  can  be  easily  located  at  the  intersection  of  two  diameters 
drawn  nearly  pfc  right  angles.  In  some  cases  it  is  better  to  lay 
the  shaft  in  V  blocks  on  a  plate  and  use  the  surface  gauge,  draw- 
ing at  least  two  lines  through  tlie  center  of  the  piece. 

It  is   usually  necesaaiy   to  cover  the   surface   of   the  work 
where  lines  must  he   visible,  with  chalk,  white  lead,  or  copperas, 
before  any  hiying  out  ean  W  done  ;  but  in  rases  of  this  kind  it  is 
.usual  to  mark  directly  upon  the  end  of  the  l)ar.     Before  drilling, 
le  center  should  be  emphasized  with  a  center  punch. 


Fig.  234. 
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Tlie  locations  for  holes  should  be  at  the  intersection  of  lines 
in  order  to  be  plain.  After  marking  the  center  with  a  prick 
punch,  take  a  pair  of  dividers  and  scribe  a  circle  on  the  prepared 
surface  concentric  with  the  center  already  located.  This  circle 
should  be  about  the  diameter  of  the  hole  to  be  drilled,  and  in 
many  good  shops  it  is  the  custom  to  draw  another  circle  concen- 
tric with  the  first  and  about  ^  larger  in  diameter.  This  outer 
circle  is  called  the  reference  circle,  and  is  for  the  benefit  of  the 
inspector  when  it  becomes  necessary  to  place  the  responsibility 
for  a  misplaced  hole.  These  circles  may  be  marked  with  at  least 
four  prick  punch  marks,  as  shown  in  Fig.  168,  in  order  to  indi- 
cate the  position  of  the  circle  in  case  of  the  obliteration  of  the 
line.  The  center  is  then  deepened  by  the  center  punch  and  the 
hole  drilled.  In  laying  out  work,  the  first  thing  to  do  is  to  "  snag  ** 
the  work ;  that  is,  remove  the  ridges  of  the  casting  caused  by  the 
pattern  being  made  in  two  or  more  parts.  For  small  castings  a 
coarse  file  is  generally  used,  while  for  large  work  the  cold  chisel 
is  used.  In  many  sliojm  ttie  cold  chisel  is  operated  by  compressed 
air. 

In  laying  out  work  for  tlie  planer  and  milling  machine 
great  care  must  be  exercised.  It  is  necessary  that  there  should 
be  a  base  line  to  which  the  lines  may  be  referred.  It  depends  on 
the  character  of  the  work  as  to  how  this  should  be  done.  Some- 
times it  is  quite  sufficient  to  lay  off  the  base  line  parallel  to  one 
side  of  the  casting  or  forging.  If  the  side  thus  used  is  to  be 
finished,  then  the  base  line  should  be  located  at  the  proper  dis- 
tance from  it  to  allow  for  the  finishing.  The  amount  required 
varies  with  the  character  of  the  casting  or  forging ;  this  has  been 
fully  explained.  Usually  there  is  some  outline  of  the'  rough  piece 
that  will  serve  as  a  guide. 

As  an  example  of  the  laying  out  of  work,  take  the  valve  and 
steam  chest  seat^  shown  in  Figs.  235  and  236.  The  work  is  to 
be  done  on  a  planer.  The  cylinder  has  probably  been  bored.  It 
is  then  placed  on  the  planer,  and  so  set  that  the  center  line 
through  the  cylinder  is  parallel  to  the  {daten  of  the  planer.  The 
first  machine  work  to  be  done  is  the  taking  off  of  the  loiij^iiiig 
cut  from  the  face  A.  This  face  is  to  be  planed  down  to  a  oertaun 
height  above  the  cylinder  center;  this  height  may  be  maifced  c 
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the  edge  of  the  valve  seat  by  the  prick  punch  mark  B.  If  the 
surface  C  is  to  be  planed  at  the  same  time,  its  height  is  indicated 
by  the  prick  punch  mark  D.  These  points  may  be  located  by 
means  of  the  surface  gauge.     Set  tlie  gauge  on  tlie  platen  and 


_A^ 


-e_ 


Fig.  235. 

elevate  the  point  to  the  proper  heiglit.  Move  it  so  timt  it  will 
touch  tlie  side  of  the  casting  at  the  proper  ijoint,  and  make  the 
marks  B  and  D  accordingly.     When  the  surfaces  A  and  0  liavo 


1 


ed  the  rongliiiig  cut,  tlie  plan  may  be  laid  off  as  in  Fig.  23ti, 
With  a  sciuare  having  a  suitable  length  of  blade,  locate  the  points 
G  and  II  dirwtly  over  tlie  center  line  of  the  cylinder.     Cover  the 
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surfaces  A  and  C  with  chalk  where  lines  are  to  be  drawn.  Draw 
the  lines  I,  J,  K  and  L  on  the  surface  A,  between  O  and  H. 
Through  the  center  of  the  side  of  the  exhaust  port  draw  the 
lines  E  and  F  at  right  angles  to  GH.  This  is  done  with  a  scriber. 
Lay  off  half  the  width  of  the  exhaust  port  on  either  side  of  E  and 
F,  and  draw  the  lines  MN  and  OP  parallel  to  E  and  F.  In  like 
manner,  draw  the  lines  QR  and  ST  for  the  limits  of  the  steam 
ports.  All  of  these  lines  are  to  be  emphasized  by  the  use  of 
])rick  punch  marks  as  indicated. 

If  the  sides  of  the  valve  seat  are  to  be  finished,  the  line  to 
which  the  metal  is  to  be  cut  is  indicated  in  the  same  manner. 
Finally  the  holes  VVV,  etc.,  for  the  holding  down  studs  of 
the  steam  chest,  are  to  be  laid  out  The  center  lines  are  first 
drawn;  then  the  centers  of  the 

holes  are  marked.     After  which  P>  ^^ 

the  circles  for  the  holes  are  drawn 
as  already  described. 

Work  is  rarely  laid  out  for 
the  lathe.     It  is   not  necessary 
that  it  should  always  be   done     m 
for  the   planer.     Laying  out  is  yjg,  237. 

employed  where  accuracy  is  es- 
sential, and,  where  it  is  possible  to  secure  the  proper  dimensions, 
with  the  piece  to  be  operated  upon  in  position  on  the  machine. 

The  man  who  has  charge  of  the  work  of  laying  out  should 
have  some  knowledge  of  the  elementary  principles  of  geometry, 
he  should  also  have  some  knowledge  of  drawing,  and  should, 
of  course,  be  able  to  read  drawings. 

A  few  general  suggestions  may  be  given  regarding  work  to 
be  finished  in  the  vise  on  either  the  planer,  shaper,  or  the  milling 
machine,  where  several  faces  are  to  be  finished  at  right  angles 
to  one  another.  Referring  to  the  rectangular  block  of  Fig. 
*J37,  the  bl()ck  is  first  placed  in  the  vise  with  the  face  MXOp 
down,  and  the  face  MADP  against  the  fixed  jaw.  Tiie  face 
ABCD  is  then  machined^  and  the  work  turned  so  that  ABCD 
is  against  the  fixed  jaw  and  MADP  down.  With  the  block 
in  this  position,  NBCO  is  worked,  making  NBCO  at  r^t 
angles  to  ABCD.     With  ABCD  stall  against  the  fixed  jaWiUid 
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NBCO  down,  surface  MADP  is  next  worked.  This  brings  two 
edges  at  right  angles  to  the  same  side  and,  parallel  to  each  othen 
Tben,  placing  ABCD  down  an^d .  either  MADP  or  NBCO  against 
tibie  fixed  jaw,  sarfape  MNOP  is  generated  parallel  to  ABCD. 
This  leaves  Ihe  ends  to  be  finished.  The  vise  is  swung  so  that 
the  fixed  jaw  is  at  right  ^gles  to  the  line  of  motion  of  the  tool, 
and  on  the  planer  and  shaper,  they  are  finished  by  using  the  verti* 
oal  feed.  In  the  two  last  named  tools,  the  tool  holder  is  swung 
so  that  the  tool  will  clear  the  work  easily  on  tiie  return  stroke. 

In  working  cast  iron,  it  is  well  to  chamfer  the  edges  with  a 
file.  If  this  is  not  done,  the  metal  will  break  off  when  the  tool 
reaches  the  end  of  the  cut,  leaving  a  ragged  edge.  -The  depth  of 
the  chamfer  depends  on  the  amount  of  metal  to  be  removed. 

Fitting  is  the  term  generally  applied  to  the  hand  work  neces- 
sary in  assembling  machinery  after  all  the  machine  work  has  been 
done.  Filing,  either  in  the  vise  or  lathe,  and  scraping  are  the 
operations  usually  required,  although  the  hammer  and  chisel  are 
sometimes  used.  As  hand  work  costs  much  more  than  machine 
work,  the  machining  is  done  as  closely  as  possible  to  make  the 
hand  work  a  very  small  item. 

SHOP  SUQQESTIONS. 

In  the  regular  work  of  any  shop,  occasions  are  constantly 
arising  for  the  determination  of  the  best  method  of  doing  work. 
The  success  with  which  the  desired  end  is  attained  depends  upon 
the  skill  and  judgment  of  the  man  in  charge.  While  it  is 
impossible  in  a  limited  sjmce  to  give  instructions  regarding  every 
possible  emergency  that  may  arise,  a  few  suggestions  regarding 
shop  practice  will  be  valuable. 

Pening  consists  in  the  stretching  of  the  metal  on  one  side  of 
a  piece  of  work  in  order  to  alter  its  shape.  There  is  a  wide 
difference  between  pening  and  bending.  For  example,  suppose 
the  curved  or  warped  piece  in  Fig.  238,  is  to  be  straightened.  If 
it  were  to  l>e  bent  until  it  were  straight,  it  would  be  placed  on 
the  blocks  A  witli  the  concave  surface  down,  as  shown  by  the 
dotted  lines.  It  could  then  be  struck  by  the  hammer  and  .driven 
down  past  the  line  of  support,  and  strained  so  that  it  would 
lemain  approximately  straight.     Such  a  method  of  straightening 
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could  not  be  applied  to  a  piece  of  complicated  outlines.  It  would 
remain  wavy.  In  pening  to  tiiith  such  a  piece  as  shown  in  Fig. 
238  it  is  laid  on  an  anvil  with  the  convex  surface  down.  It 
is  then  struck  Tidtli  the  pene  of  the  hammer  on  the  concave  side. 
The  blow  must  be  quick  and  sharp.  The  result  is  that  the  metal 
is  stretched  at  the  point  where  the  blow  is  struck.  By  working 
successively  over  the  whole  surface  the  concave  side  is  stretched 
so  that  it  is  equal,  in  its  dimensions,  to  the  convex  side.  The 
piece  then  becomes  straight  and  will  so  remain.  A  skillful  use  of 
the  hammer  will  straighten  almost  any  warped  piece  of  thin 
metal. 

Drilling  Hard  Metals.    It  is  sometimes  desirable  to  drill  a 
hole  in  very  hard  metal.     To  do  this  the  drill  must  be  made  very 
hard ;  it  must  be  run  at  a  very 
slow  speed;  it  must   be   forced  p" 

against    the    work    as    hard    as  k= 

possible    without    breaking    the  V-^" — — / 

point,  and  it   must   be   provided       J ^"7 ^^^ 

with  an  abundant  supply  of  oiL       V^^.^..:^-'- '"uj^^-^ 

For   excessive    hardening    of    a     ^^^^5^^^5555^H^^^5^W?- 
drill,  it  may  be  heated  to  a  dull  Fig.  238. 

red  heat,  preferably  in  a  charcoal 

fire,  and  quenched  in  mercury  instead  of  water.  It  will  also  assist 
in  the  operation  if  the  surface  of  the  metal  to  be  drilled  is  nicked 
with  a  cold  chisel  before  work  is  begun.  In  some  cases  turpen- 
tine, in  place  of  oil,  may  be  used  with  beneficial  results. 

Thin  chilled  cast  iron  may  be  softened  by  placing  a  small 
piece  of  sulphur  on  the  place  where  a  hole  is  desired  and  then 
heating  slowly  to  a  dull  red. 

Glass  mav  also  be  drilled.  There  are  two  methods :  one  is 
to  use  a  fiat  drill  moistened  with  camphor  and  turpentine,  and  the 
other  is  to  use  a  copper  tube  with  No.  60  emery  or  carborundum 
and  oil.  In  the  last  method,  drill  half-way  through,  reverse,  and 
drill  to  meet,  removing  the  fin  at  the  center  with  a  round  file  wet 
with  water  or  turpentine. 

Qrindinf:  Valves.  Ttiis  is  a  kind  of  grinding  that  is  nsnally 
done  by  hand.  It  consists  of  fitting  a  valve  and  its  seat  so  that 
they  are  in  metallic  contact     In  its  results  it  is  the  aura  aa 
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scraping.  The  process  is  very  simple.  The  valve  is  coated  with 
oil  and  some  fiue  emery  sprinkled  over  it.  It  is  then  put  on  the 
seat  and  worked  hafk  and  forth  or  revolved.  The  emery  serves 
to  grind  off  the  high  aarfaces  of  each.  After  grinding  for  a  time, 
remove  tlie  valve  and  wipe  botli  surfaces  elean.  The  metal  on 
each  will  show  where  they  have  been  in  contact.  When  tliese 
indicatioEs  appear  over  the  whole  of  the  surface,  or  in  a  continu- 
ous ring  about  the  seat  of  a  circular  valve,  tlie  work  is  completed. 

To  generate  a  surface  plate  it  is  necessary  to  work  with  three 
at  the  same  time.  For  the  sake  of  making  the  explanation  clear 
they  will  be  called  A,  B,  and  C.  After  the  plates  have  been 
planed,  a  straight  edge  ahoidd  be  laid  on  each.  A  straight  edge 
is  merely  a  piece  of  flat  steel  having  one  or  both  edges  true  and 
straight.  Set  the  straight  edge  on  the  plates  in  ail  directions. 
If  it  touches  over  its  whole  length  in  alt  positions,  then  the  plates 
are  ready  for  scraping.  If  it  touches  at  the  edges  of  tlie  plate 
and  is  clear  in  the  center,  the  former  are  high  and  sliould  lie  filed 
down.  If  it  touches  in  the  center  and  rocks  to  and  fro,  tlie  plate 
18  convex  and  the  centfir  must  be  filed  down.  After  the  plates  ■ 
have  been  filed  to  truth  as  far  as  truth  can  l)e  indicated  by  the 
straight  edge,  they  are  ready  for  scraping. 

Now  take  plates  A  and  B  and  place  them  face  to  face. 
Strike  a  blow  on  the  upper  one,  and  it  will  cause  a  jarring  sound 
to  be  heard.  This  shows  that  the  two  are  not  in  perfect  contact. 
Smear  the  surface  of  [^te  A  with  a  thin  mixtun  of  red  lead  and 
oil.  Cover  the  surface  evenly  and  thinly.  Then  rub  the  two 
plates  together,  and  where  the  red  lead  rubs  off  on  to  the  surface 
of  plate  B  the  two  come  in  contact  Take  the  scraper  and  scrape 
off  a  little  of  the  metal  from  each  of  the  plates  where  Uiey  have 
been  in  contact.  Wipe  off  plate  B,  and  again  smearing  plate  A, 
proceed  as  before.  Continue  this  process  untal  liie  two  surfaces 
are  in  contact  over  their  whole  areas.  This  does  not  prove,  how- 
ever, that  they  are  flat.  They  may  be  in  contact,  as  required,  if 
A  is  convex  and  R  is  concave.  To  test  this  the  third  plate  is 
necessary.  Sniejir  plate  li  with  red  lead  and  scrape  C  to  fit  it. 
Do  not  touch  /..  It  is  evident  that  A  and  C  will  then  be  alike. 
Bring  them  together.  If  they  are  both  convex  they  will  roll  over 
each  other.     If  they  are  concave  they  will  bear  at  tJheir  edges  and 
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not  touch  in  the  center.  They  will  appear  to  be  out  of  truth  by 
twice  the  actual  amount  Scrape  off  the  contact  points  of  A  and 
C.  Remove  as  nearly  as  possible  the  same  amount  of  metal  from 
each.  When  these  two  plates  have  been  brought  so  as  to  be  in 
contact  over  their  whole  areas,  lay  plate  A  aside  and  scrape  B 
until  it  fits  C,  but  do  not  touch  A.  Then  try  A  and  B  together. 
If  they  do  not  touch  over  their  whole  areas,  treat  them  as  before 
described  for  A  and  C.  Then  introduce  C  again.  Continue  this 
alternating  process  until  the  three  plates  form  a  bearing  over  the 
whole  of  the  surface  of  each  of  the  other  two. 

During  the  latter  part  of  the  process,  use  alcohol  instead  of 
red  lead.  This  will  leave  clean,  bright  spots  at  the  points  of 
contact. 

Fitting  Brasses  is  a  piece  of  work  that  is  now  usually  done 
on  a  machine,  but  which  is  sometimes  done  by  hand.  Brasses  that 
are  to  be  used  for  connecting  rods, 
and  which  are  made  in  two  pieces 
as  shown  in  Fig.  239,  have  a  ten- 
dency to  warp  after  the  machine 
work  has  been  done  upon  them. 
The  difficulty  arises  from  their 
closing  along  the  diameter  A. 
Thus  if  the  brass  is  finished,  and 
the  hole  bored  out  to  the  proper 
diameter,  and  is  then  cut  apart  on  ^*  ^^' 

the  line  CD,  it  will  be  found,  shortly  afterwards,  that  the  di- 
ameter A  is  less  than  the  diameter  B.  It  may,  therefore,  be 
necessary  to  bore  the  hole  somewhat  larger  than  the  work- 
ing diameter.  The  kerf  made  by  the  saw  will  usually  allow 
the  parts  to  l)e  drawn  together  along  the  diameter  B  so  that  it 
will  more  than  make  up  for  the  shrinkage  at  A.  The  hole  can 
then  be  sci-aped  to  fit  the  pin.  The  brasses  should  always  be 
keyed  solidly  metal  to  metal.  This  avoids  a  wear  of  the  sides 
and  edges  of  the  metal  due  to  the  thrust  of  the  rod. 

Joints.  Where  a  gas  or  liquid  is  to  be  retained  in  a  pipe 
or  other  vessel  without  leakage,  a  tight  joint  is  necessary.  The 
method  of  grinding  valves  to  their  seats  has  ah'eady  been  ex- 
plained.     In  that  case  it  was  shown  that  a  metallio  contact 
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between  the  valve  and  its  seat  is  all   that  is  i-equii-pd   in   oitler 
to  make  it  a  tight  joint.     Two  surfaces  that  have  been  scraped   to 
iifit  will  also  accomplish  the  same  purpose.     This  is  frequently  too 
I  expensive    an   operation    to  be    performed,    especially    on   rough 
"'^work.     In  auch  places  a  soft  material  may  be  interposed    between 
the  two  surfaces.     Where  the  joint  is  to  be  a  permanent  one  and 
is  not  to  be  taken  down,  the  led  lead  joint  is  usually  employed. 
This   consists   in    the  use  of   a   mixture  of   red   and    white    lead 
between  the  joints.     To  ordinary  white  lead   ground  in  oil  add 
enough  dry  red  lead  to  make  a  paste  that  can  be  spread  without 
L  sticking  to  the  blade  with  which  it  is  applied.     After  the  mixture 
I'bas  been  made,  it  will  be  improved  by  pounding  it  well  with  the 
rhnmnier.     It  may  then  be  laid  between  the  two  pieces  of  metal 
forming  the  sides  of  the  joint  and  the  latter  be  drawn  together. 
Red  lend  joints  are  extensively  used  in  pipe  fitting.      The  red 
I  lead  hiis  a  tendency  to  rust  the  iron  with  which  it  is  in  contact, 
Fand  thua  form  a  very  tight  connection  between  the  two  pieces. 
I  Where  provision  ia  to  be  made  for  taking  down  the  joint  at   a 
f  future  time,  it  is  better  to  use  a  graphite  paste  made  foi'  the  pur- 
post-.     Tills  does  not  rust  the  met;d;  it  forms  a  perfectly  tight 
joint  and  one  which  may  be  taken  down  without  difficulty  at 
any  time. 

Joints  that  are  subject  to  occasional  disconnecldng  can  be 
best  held  by  a  disk  of  rubber  packing.  The  latter  is  cut  to  fit 
the  flanges  between  which  the  joint  is  to  be  made,  and  tbey  are 
tlien  drawn  tightly  tc^ether. 

Joints  that  are  to  be  frequently  taken  down  are  usually 
packed  with  a  piece  of  copper  wire.  Such  a  place  is  the  joint 
between  the  steam  chest  and  cylinder  of  a  locomotive  engine. 
A  groove  is  cut  in  the  two  surfaces  and  a  copper  wire  is  laid 
therein.  This  wire  should  be  about  J  inch  in  diameter.  Its 
size,  however,  depends  upon  the  joint  to  be  packed.  The  ends 
of  the  wire  are  soldered  together  so  that  no  leakage  may  occur 
past  the  ends. 

Another  form  of  joint  is  the  rust  joint.  This  is  always 
permanent  in  character.  The  making  of  such  a  joint  consists  in 
rusting  the  two  surfaces  together.  The  following  are  the  pro- 
portions  by  weight  of  the  rusting  material:  100  parts  of  iioD 
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turnings ;  1  part  of  sal  ammoniac,  and  ^  part  of  sulphur.  Tlie 
setting  of  the  joint  can  be  hastened  by  increasing  the  amount  of 
sal  ammoniac  from  15  to  25  per  cent.  Mix  the  ingredients 
thoroughly  and  just  cover  them  with  water. 

Fluting  Rollers.  Where  feed  rollers  such  i\s  those  used  in 
wood-working  machinery  are  to  be  turned  and  fluted,  the  turning 
should  always  be  done  first.  This  insures  a  continuous  surface 
for  the  cutting  tool.  Where  old  rollers  are  to  be  re-turned  and 
fluted,  the  same  rule  applies.  The  fluted  surface  may  be  turned 
to  size.  The  lathe  tool  will  break  the  edge  of  the  ribs  away, 
but  when  the  fluting  is  done,  these  edges  are  again  made  smooth. 
The  fluting  can  be  done  on  a  planer  with  a  round-nosed  tool. 
The  roller  should  be  held  on  centers  and  clamped  so  that  each 
groove  may  be  presented  to  the  tool  in  succession.  A  planer 
center,  as  illustrated  in  Fig.  178,  affords  a  convenient  method 
of  holding  and  turning  the  work. 

Scale.  Whenever  a  piece  of  cast  iron  is  to  be  turned,  the 
point  of  the  tool  should  always  be  made  to  work  beneath  the  scale. 
The  scale  is  the  hard  outer  shell  that  covers  all  cast  iron  as  it 
comes  from  the  foundry.  It  is  very  hard  and  brittle.  If  the 
edge  of  the  tool  is  made  to  work  in  or  against  it,  that  edge  will 
soon  be  dulled.  If  it  is  beneath  it,  the  raising  of  the  chip  cracks 
and  removes  the  scale. 

Pickling.  Where  castings  are  to  be  worked,  either  in  the  lathe 
or  planer,  to  dimensions  only  a  little  less  than  that  when  rough, 
they  should  be  pickled.  This  consists  in  washing  them  with  a 
solution  of  sulphuric  acid  and  water.  The  castings  may  be 
either  submerged  in  or  swabbed  with  the  solution.  The  effect  of 
pickling  is  to  cause  the  scale  to  drop  off  in  flakes,  leaving  the 
metal  bare,  unprotected  and  rusty.  The  casting  should  then  be 
washed  with  a  sal  soda  solution.  A  good  solution  for  tliis  work 
ift  to  use  1  part  of  commercial  sulphuric  acid  in  10  parts  of  water. 
Cold  Chisels.  It  is  well  to  use  a  coarser  grade  of  steel  for 
cold  chisels  than  for  lathe  or  planer  tools.  A  coarse-grained 
metal  is  preferable  because  the  continual  hammering  in  use  and 
redressing  will  gradually  modify  the  granular  structure  until  it  is 
microscopic  in  its  fineness.  In  dressing,  it  should  never  be  heated 
above  a  cherry  red,  and  the  temper  should  be  drawn  well  down 
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Ordiouy  tubes  are  taMteaed  to  the  end  plates  by  expsoding 
the  metal  of  the  tabe  against  the  tabe  plate.  Tbis  is  dime  by  a 
tool  called  an  expander,  of  ^icfa  there  are  two  common  forms. 
One  form  cunsuts  of  a  ste^l  taper  pin  and  »  number  of  steel  seg- 
ments, livid  iu  place  bv  a  spring.     The  outside  of  tbe  aegmenta 


^ 


rig.  «. 

hsTe  the  form  to  be  given  to  tbe  expanded  tube,  and  the  inside  is 
a  straight  hollow  cone,  into  which  the  steel  taper  pin  fits.  The 
segments  are  forctd  apart  by  bammmng  on  the  steel  pin.  In 
order  that  the  metal  of  tiie  tube  may  not  be  injured,  the  hammer- 
ing should  he  done  gratlually  and  carefully,  and  the  expander 
turned  frequently.  Another  form,  shown  in  Fig.  39,  has  a  set  of 
rolls  tliat  are  forced  against  the  inside  of  the  tube  by  driving  in 
the  tap«-r  pin.  The  pin  and  roils  rotate  as  the  pin  is  driven,  and 
^^  tlic  rolls  gradually  expand  the 

•'?^^M  ivhe  atrainst  the  tube  plate, 

*-y^y?^!!B>iPpw^^^M^^^M  Two  forms  of  tube  expan- 

'  \      sion  are  shown  in  Figs.  40  and 

^  I      41.     That  ahoHii  in  Fig.  41  is 

--^ ■■■■.■■■  .v.vw.vjaaa-iji^^^^^^^      preferal'lf  to  tli.it  in  Fig.  40,  as 
the  latter  bears  at  the  comers 
iiiily,    wliiie    the    former    bears 
against  tlie  entire  thickness  of 
the  tube  sheet. 
After  the  tubes  are  expanded,  the  ends  are  beaded  over,  as 
sliown  in  Figs.  40  and  41.     This  adds  to  the  strength  of  the  con- 
nection  between  the  tube  and  tube  sheet.     The  tool  commonly 
used  for  this  beading  is  shown  in  Fig.  42. 
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Stay  tubes  are  not  used  as  extensively  at  the  present  time  as 
they  were  formerly.  They  were  very  common  at  a  time  when  the 
holding  power  of  expanded  tubes  had  been  experimented  on  but 
little.  It  is  now  apparent  from  such  tests  that  the  holding  power 
of  tubes  expanded,  as  shown  in  Fig.  40,  is  more  than  equal  to  the 
pressure  on  the  spaces  between  the  tubes  of  an  ordinary  tube 
plate.     Stay  tubes  are  simply  heavier  tubes,  with  the  ends  pro- 


Fig.  44. 

jeeting  beyond  the  tube  sheet  and  threaded  for  shallow  nuts. 
The  ends  of  the  tubes  are  frequently  upset  or  thickened,  and 
screwed  into  the  tube  sheet  as  well.  This  form  is  shown  in 
Fig.  44. 

FURNACE  FLUE5. 

Flues  which  are  subjected  to  external  pressuie   should  al* 
ways  be  cylindrical.     Fig.  45  shows  the  section  of  the  Adamson 


Fig.  45. 


Fig.  46. 


flue.  This  was  an  improvement  over  the  plain  furnace,  as  it 
it  more  elastic  and  allows  expansion;  the  flanged  rings  also 
steengthen  and  stiffen  it  against  collapse.  The  methods  of  build- 
ing famaces  shown  in  Figs.  46  and  47  are  not  considered  as  good 
•0  the  Adamson  arrangement.     Pig.  46  is  too  rigid,  and  does  not 
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machine  is  then  lined  and  leveled  as  already  suggested,  but  tiia 
bottom  of  the  machine  is  usually  a  rough  casting,  the  top  <rf 
the  atone  foundittinii  is  still  rougher,  and  as  the  wedges  are  likely 
to  slip  out  under  the  janing  of  the  machine,  a  permanent  support 
must  be  provided.  This  may  be  done  by  pouring  melted  sulphur 
beneath  tlie  bed.  To  do  this,  build  a  dam  of  clay  or  sand  all 
around  the  bed  and  about  2  inches  high.  Melt  ordinaiy  stick 
sulphur  or  brimstone  in  ladles,  and  pour  in  at  seveml  points  at  ' 
once.  Keep  the  space  flooded  until  the  dam  is  well  filled,  and 
allow  it  to  harden.  This  will  occur  very  quickly,  after  which 
the  dam  may  he  removed  and  the  sulphur  cut  away  from  the  edge 
of  the  machine.  Care  must  be  taken  that  the  tempeniture  of  the 
sulphur  is  as  high  as  possible  before  pouring.  Unless  this  is 
done  it  will  cool  and  set  before  reaching  the  inmost  recesses  be- 
neath the  machine.  It  nill  then  crumble  because  of  insufficient 
bearing  surface  to  carry  the  imjxised  weight  The  nuts  are  then 
screwed  down  on  the  bolts  and  the  machine  is  secure. 

Belting.  The  shafting  and  machines  are  usually  driven  by 
belting,  and  a  few  remarks  on  this  subject  may  he  desirable. 
Leather  is  the  matenal  genenLlly  employed,  and  tlie  belting  may 
be  from  single  to  six-ply  in  any  suitjtble  width.  Single  betting 
has  a  flesh  and  a  grain  or  hair  side,  and  should  be  run  with  the 
grain  side  in  contact  with  the  pulley.  The  ends  are  cut  square, 
and  fastened  by  hooks,  coiled  wire,  or  rawhide  lacing. 

Leather  belting  is  injured  by  water,,  steam,  oil,  and  .tempera- 
ture above  110°  F.  Where  aueh  conditions  exist,  cotton  belts, 
faced  with  thin  leaUier,  or  rubber  belts  may  be  used.  These  belts 
are  cheaper  than  leather,  are  about  as  strong,  and  will  transmit 
power  as  effectually;  but  they  will  not  stand  mutilation  of  the 
edges.  This  is  a  point  of  prime  importance,  and  prohibits  their 
use  in  many  cases. 

The  power  transmitted  by  a  belt  is  directly  proportional  to 
its  speed  and  width.  A  safe  rule  is  to  allow  one  horse-power  for 
a  speed  of  1.000  feet  per  minute,  \vith  a  single-thick  belt  one  inch 
wide.  Tlii.s  is  a  more  lilieral  allowance  in  favor  of  the  belt  than 
is  usually  given,  but  will  increase  the  life  of  the  belt  in  far  greater 
proportion  than  the  increase  in  first  cost  Double  belta  will 
transmit  about  one  and  one-half  times  aa  much  power  as  singls 
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belts.  The  above  rule  applies  to  belts  nmninff  over  pulleys  of 
equal  diameter,  or,  in  other  words,  to  cases  where  the  arc  of  con- 
tact is  180^.  For  smaller  arcs  of  contact  use  the  coefficients 
found  in  the  following  table : 


90° 

100' 

110° 

120° 

130° 

140° 

160° 

160° 

170° 

180° 

200° 

.65 

.70 

.76 

.79 

.83 

.87 

.9i 

.94 

.97 

1. 

1.06 

To  increase  the  power  transmitted,  either  increase  the  speed 
of  the  belt  by  using  larger  pulleys,  or  use  a  wider  belt, 

A  3-inch  single  belt  is  running  over  a  24-inch  driving  pulley 
which  makes  200.R.P.M.  (revolutions  per  minute).  How  many 
H.P.  will  it  transmit? 

The  circumference  of  the  pulley  in  feet  is  2  x  3.1416  = 
6.2832  feet.  As  the  speed  of  the  pulley  is  200  R.P.M.,  the  speed 
of  the  belt  will  be  200  x  6.2832  =  1256.64  feet  per  minute.  For 
every  inch  of  width  it  will  transmit  1256.64  -^  1000  =:  1.25664 
H.P.  Then  a  3.inch  belt  will  transmit  8  x  1.25664  =  3.76992 
H.P.  Arts.  3.76  H.P.  (approx.). 

It  is  desii'ed  to  increase  the  H.P*  in  the  above  example  to 
5  H.P.     How  may  it  be  done? 

(1).  By  using  a  wider  belt  in  the  proportion  of  3.75  to  6. 
3.75  :  5  : :  3  :  4.  Afi$.    By  using  a  4-inch  belt. 

(2).  By  using  a  laiger  pulley  in  the  same  proportion. 
3.75  :  5  : :  24 :  32.  A719.    By  using  a  32-inch  pulley. 

(3).  By  using  a  double  belt  1 : 1.5  : :  3.75  :  5.63.  This 
would  give  a  little  better  result  than  required. 
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A  steam  boiler,  or  steam  generator,  consists  of  a  vessel  tc 
contain  the  water  and  the  steam  after  it  is  formed ;  a  fire-box  to 
contain  the  fire  ;  tubes,  flues  and  uptake  to  transmit  heat  and  con- 
•  duct  the  hot  gases  from  the  fire  to  the  chimney,  and  various  fittings 
to  facilitate  the  safe  and  economical  operation.  Boilers  are  often 
classified  according  to  their  uses  and  conditions ;  thus  we  have 
stationary,  marine  and  locomotive  boilers.  Boilers  having  a  shell 
partially  filled  with  tubes,  through  which  the  hot  gases  pass,  are 
called  tubular,  fire-tube  or  shell  boilers;  and  tliose  having  a  large 
flue  in  which  is  placed  the  fire,  are  called  flue  boilers.  If  the  tubes 
are  filled  with  water  and  the  hot  gases  are  outside,  the  boiler  is 
called  a  water-tube  boiler. 

Steam  boilers  are  made  in  a  variety  of  shapes,  according  to 
the  type,  uses  and  conditions.  Let  us  fii-st  consider  boiler  con- 
struction in  general,  leaving  out  the  peculiarities  of  marine,  loco- 
motive and  water-tube  boilers. 

MATERIALS. 

The  materials  of  which  boilers  are  constructed  are  exposed 
to  conditions  which  weaken  them  and  shorten  the  life  of  the  boiler. 
Among  these  conditions  are  corrosion,  both  external  and  internal, 
high  pressure,  and  expansion  and  contraction,  due  to  varying  tem- 
perature and  pressure. 

Ca9t  iron  was  the  material  of  which  the  earliest  forms  of 
boilers  were  made,  but  on  account  of  it^  low  tensile  strength  audits 

■ 

ttS|i6liable  nature,  it  is  now  but  little  used,  except  for  parts  of  water- 
ibd  boilers,  and  sometimes  for  the  ends  of  low-pressure  cylin- 
boflers  and  for  fittings.     It  is  cheap  and  resists  corrosion 
icoount  of  its  unreliability  and  brittleness,  the  parts  must 
''hick  and  therefore  heavy. 
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BranzQ  ia  an  alloy  of  copper  and  tin,  aad  is  advantageously  used 
for  valves  and  seats  of  safety  valves  where  the  wear  is  great. 


TESTING   MATERIALS. 


In  onler  to  'letermine  the  strength  and  the  other  qualities  of 
the  materittla,  i^peciinens  are  tested.  The  results  of  these  tests 
show  the  ultimate  tensile  strength,  elastic  limit,  contraction  of  area 
and  elongation. 
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The  aiiDplest  way  to  test  a  piece  of  iron  bar  or  plate  woald^ 
be  to  fix  it  firmly  at  the  upper  end  and  hang  weights  on  the  other  ■ 
end,  adding  other  weighti  aatQ  the  bar  is  brobn.  Tbii  h  bat  a 
erode  method,  aDdioasder  that  the  daatis  limit  and  tioo^titm 
maj  be  detennioed  at  the  same  tune,  testit^  madiines  an  oaad. 
There  is  a  large  rmetj  of  testiiig  machioee,  adapted  far  Tariooe 
materials,  bat  die  geneial  prindplea  are  tiie  same. 

TmOug  NlMtUmam.  The  testii^  maehine  conMrtsrf  a  fa— > 
and  two  heads,  to  which  tlw  ends  of  Hu  teat  piece  are  fiataied  hf 
wedges  or  other  devices.  By  meana  of  ateam  at  hydnnlic  poww 
one  head  is  dmwn  away  fnnn  tin  other  for  tmsile  teats.  Tin  paU 
is  tranamitted  to  some  we^nng  device,  nsoally  levem  and  knife 
edges  liketliebeamof  ordinary  pUtform'soalea.  In  small  maohiiiea 
tlie  paU  m^  be  i^idied  by  a  lever. 
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Testing  maobines  are  made  for  all  varieties  of  testing :  tensile, 
compreesive  and  shearing  stnases.  Also  for  deflection  of  beams 
and  for  strength  of  wood,  cement,  brick  and  stone.  Pig.  I  shows 
an  Olsen  testing  machine  designed  for  tensile  and  compressiTe 
tests  of  iron  and  steel. 

In  order  to  test  materials,  test  pieces  or  specimens  are  pre- 
pared. For  testing  iron  plate  the  test  piece  should  be  at  least  1 
/  inch  wide,  about  2  feet  long  and  planed  on  both  edges.  Many 
engineers  recommend  these  dimensions.  According  to  the  Board 
of  Supervising  Inspectors  of  Ste:im  Vessels,  the  test  piece  should 
he  10  inches  long,  2  inches  wide  and  cut  out  at  the  center. 

To  ascertain  the  tensile  strength  and  other  qiialities  of  steel, 
a  test  piece  should  be  taken  from  each  plate.  These  test  pieces 
are  made  in  the  form  as  shown  in  Fig.  2.     The  sb^ght  part  in 
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the  center  is  9  inches  long  and  1  inch  wide ;  and  to  determine 

elongation  it  is  marked  with  light  prickpunch  marks  at  distances 

1  inch  apart,  the  marked  space  being  8  inches  in  length.     Tlu,* 

ends  are  1^  inches  to  2  inches  broad  and  3  inches  to  6  inches  long. 

As  has  been  explained  in  "  Mechanics/'  the  force  necessary  to 

break  the  piece  is  the  proportionate  part  of  the  tensile  strength 

per  square  inch.     Thus  if  the  test  piece  having  a  reduced  section 

of  .4  square  inch  is  broken  at  19,200  pounds,  the  tensile  strength 

19  200 
of  the  plate  is  — L- —  =  48,000  pounds  per  square  inch. 

BX  AMP  LBS  FOR  PRACTICE. 

1.  If  a  piece  of  boiler  plate  breaks  at  33,500  pounds  and  the 
reduced  section  is  I J  inches  by  J  inch,  what  is  the  ultimate  ten- 
sile strength  ? 

Ans.  59,555  pounds. 

2.  A  boiler  plate  is  claimed  to  be  of  64,000  pounds  tensile 
strength.  If  the  section  is  1  inch  wide  and  .63  inch  thick,  what 
should  be  the  reading  of  the  testing  machine  when  the  specimen 
breaks? 

Ans.  40,320  pounds. 

3.  A  test  piece  of  the  form  shown  in  Fig.  2  measured  8 
inches  between  the  prickpunch  marks  before  testing  and  9.66 
inches  after  testing.     What  was  the  per  cent  of  elongation  ? 

Ans.  19^  per  cent. 

4.  If  the  area  of  section  before  breaking  is  .4825  square  inch 
and  after  breaking  is  .236  square  inch,  what  is  the  per  cent  of 
reduced  area  ? 

Ans.  51  per  cent. 

5TRBNQTH  OF  BOILER  nATERlALS. 

The  crushing  strength  of  cast  iron  is  high,  varying  from 
50,000  to  75,000  pounds  per  square  inch ;  its  tensile  strength  is 
low,  varying  with  the  chemical  and  physical  properties  of  the  iron 
from  about  15,000  to  22,000  ix)und8  per  8q.uare  inch. 

Wrought-iron  plates  having  a  tensile  strength  of  from  50,000 
to  60,000  pounds,  with  an  elongation  or  ductility  of  from  20  per 
cent  to  30  per  cent,  are  suitable  for  boiler  work.     Boiler  iron  may  be 
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8ucb  machine  work  as  is  required  for  ftttinga,  furnace  fronts,  eic, 
and  a.  system  of  cranes  for  handling  and  tninsporting  material 
In  coanection  with  tlie  above  is  a  storeroom  of  sufficient  size,  a 
fot^e  shop,  and  an  engine  and  boiler  for  supplying  the  shop  with 
tlie  power  necessai-y  to  openite  it. 

In  boiler-sliell  work  drilling  has  entirely  displaced  punching, 
and  to-day  all  holes  are  drilled.  Punching  is  cheaper  than  drill- 
ing, but  it  is  more  injurious  to  the  plates  and  not  as  accurate.  It 
is  easy  to  see  that  drilling  rivet  holes,  even  if  twenty  are  being 
drilled  at  once,  is  done  with  less  strain  on  the  plates  than  when 
done  by  a  multiple  punch  forcing  several  lioles  at  once.  The  force 
required  to  punch  a  plate  gives  the  best  idea  of  the  harm  done 
to.  ihe  plate.  Experiment  shows  that  the  resistiince  of  a  plate  to 
punching  is  about  the  same  as  its  resistjuice  to  tensile  tearing. 
Suppose  this  to  be  50,000  pounds  per  square  inch  ;  then  the  fores 
required  to  punch  the  plate  is  the  area  cut  out  times  the  shearing, 
strength,  or  <i  X  t  X  <  X  60,000. 

In  which  formula 

d  ^  iiameter  in  inches  and 
t'^=  thickness  in  inches. 

For  a  hole  |  inch  in  diameter  in  a  ^inch  plate,  the  force 
will  be 

f  X  3.1416  X  i  X  50,000  =  58,900  pounds. 

If  tlie  force  required  to  punch  one  hole  is  58,900  pounds,  the 
force  required  in  punching  several  holes  by  means  of  a  multiple 
punch  is  enormous. 

A  good,  ductile  plate  is  but  little  injured  by  punching  ;  but 
if  of  a  haid,  st«ely  nature,  it  is  likely  to  be  seriously  injured.  For 
this  reason  wroughtriron  plates  are  usually  punched  and  steel 
plates  are  drilled.  On  the  whole,  a  drilled  plate  is  somewhat 
stronger  than  a  punched  plate  for  any  kind  of  joint. 

Some  boiler  makers  punch  the  rivet  holes  slightly  smaller 
than  the  desired  size  and  then  ream  them  out.  By  this  process 
the  injured  niet;il  around  the  holes  is  cut  away.  Another  method 
to  overcomt>  the  injiirioiis  effects  is  to  anneal  the  plat*  after 
punching. 

The  iinlinary  process  of  annealing  consists  of  beating  the 
plate  to  red  bent,  and  then  allowing  it  to  cool  slowly.     By  this 
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12.  When  is  it  advisable  to  use  milling-machine  cutters 
having  interlocking  teeth  { 

13.  When  is  it  advisable  to  use  milling-machine  cutters 
having  their  teeth  cut  spirally  ?     Why  ? 

14.  When  is  it  advisable  to  cut  the  teeth  of  milling-machine 
cutters  with  a  right-hand  spiral  ?   When  a  left-hand  spiral  ?    Why  '< 

15.  State  advantage  gained  in  making  milling-maqhine  cut- 
ters with  nicked  teeth. 

10.  Why  is  it  generally  considered  advisable  to  make  mill- 
ing-machine cutters  that  are  larger  than  6  or  S  inches  diameter 
with  inserted  teeth. 

17.  When  a  blank  for  a  milling- machine  cutter  that  is  to 
have  inserted  teeth  is  milled  with  slots  that  are  at  angle  to  the 
cutter  axis,  why  is  it  not  advisable  to  leave  the  faces  of  the  teeth 
at  that  angle  ? 

18.  If  an  emery  wheel,  8  inches  in  diameter,  is  used  in 
grinding  the  teeth  of  a  milling-machine  cutter,  how  many  revolu- 
tions must  it  make  in  a  minute  in  order  to  run  at  a  peripheral 
speed  of  5,000  feet  per  minute  ? 

19.  Why  is  it  not  generally  considered  good  practice  to  make 
key  ways  in  milling-machine  cutters  with  sharp  corners  ? 

20.  State  in  your  own  language  the  generally  accepted  mean- 
ing of  the  term  ''formed  cutter"  or  form  cutter. 

21.  Name  some  of  the  advantages  derived  from  the  use  of 
formed  cutters. 

22.  What  would  be  the  result  if  the  faces  of  the  teeth  of  a 
formed  mill  were  not  recut  after  they  were  backed  off  ? 

23.  When  backing  off  the  teeth  of  a  formed  mill,  what 
would  be  the  result  of  setting  the  forming  tool  above  or  below  the 
center  of  the  work  ? 

24.  When  making  milling-machine  cutters  with  threaded 
holes,  why  is  it  necessary  to  first  thread  the  blank,  then  machine 
it  on  a  threaded  mandrel  ? 

What  would  be  the  result  were  the  cutter  machined  to  shap>e 
before  threading  the  hole  if 

25.  When  machining  a  piece  of  work  having  a  threaded 
hole,  why  is  it  not  advisable  to  screw  the  piece  onto  a  threaded 
mandrel  in  such  a  manner  that  the  shoulder  of  work  is  against  the 
shoulder  of  mandrel  when  squaring  the  first  end  i 
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means,  bard  nnd  brittle  iron  or  eleel  is  mode  soft  and  tough. 
While  the  mctul  is  hot,  the  eurfiice  becomes  oxidizi^d.  For  most 
purposes  this  scale  of  oxide  in  not  hnrnifiil,  but  in  some  cases  it 
iiuist  be  removed.  As  this  is  expensive,  a  process  of  unnciiling 
in  illuminating  gns  has  been  devised.  The  action  of  the  gns  is  to 
reduce  the  oxide  without  altering  the  properties  of  the  piece.  The 
results  obtiiined  from  annealing  depend  upon  the  kind  of  iron  or 
steel,  the  tenipcrature  to  which  it  is  r.aiacd,  and  the  rate  of  cool- 
ing. It  is  a  great  advantage  to  nil  steel  of  over  64,000  pounds  per 
square  inch  in  tensile  strength,  but  softer  steels  arc  little  better 
for  the  process. 


After  the  shell  piiitcs  arc  planed  to  correct  shiipe  and  the 
holes  drilled  or  punched,  they  are  put  through  the  bending  rolls 
and  bent  into  a  cylindrical  shape,  tlio  amount  of  curvature  being 
determined  by  a  template  mnde  for  the  purpose.  Plates  are 
usually  sheared  to  size,  and  then  the  edges  planed  with  a  slight 
l>evel  to  lacilitnte  calking.  In  the  meantime  the  heads  arc  being 
Hanged  by  a  hydraulic  Hanging  machine;  when  the  fliinge  is  com- 
pleted, the  head  is  put  on  the  platen  of  a  boring  mill  nnd  turned  so 
IIS  to  exactly  fit  into  the  shell.  In  some  shops  it  is  cnslomnry  to 
punch  or  drill  only  a  fev^'  holcM  in  the  shell  nnd  flange  of  the  head, 
these  holes  serving  to  take  Imlts  for  holding  the  parts  together. 
The  back  head  plate  is  bolted  into  the  rear  course  of  plating,  and 
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the  partA  thus  itssenibled  are  hoisted  up  to  drill  if  tlie  plates,  etc, 
have  not  been  previously  drilled  or  punched,  otherwise  to  the 
hydraulic  riveter. 


RIVETS  AND  RIVETINO. 

Rivet*  iire  formed  by  fnrpiii^,  fmni  round  irnn  bnr  or  mild 
uteel,  with  a  cup  or  pan  shitped  head.  Tlie  fylindrii-ivl  part,  filled 
the  shank,  is  a  little  smaller  than  the  hole  and  has  a  slight  taper. 
Fig.  3  shows  common  forms  of  rivet*.  As  rivets  are  not  as  reh- 
able  in  tension  as  in  shear,  tliey  are  used  mainly  at  right  angles  to 
the  straining  force.  If  the  stress  is  parallel  to  the  axis,  boIt£  are 
used,  sincti  they  are  strong  in  tension.  The  shearing  strength  of 
steel  rivets  is  about  45,0110  imunds  jwr  square  inch,  and  of  iron 
rivets  almut  40,000  [Miunds  per  square  inch.  Steel  rivets  are  often 
used  with  steel  pliites.  but  many  boiler  inakei'S  prefer  to  use  iron 
rivets  in  all  cases. 

Three  types  of  rivets  in  use  are  shown  in  Fig.  4,  the  follow- 
ing table  giving  the  dimei 
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Formerly  all  joints  of  boilers  were  riveted  by  hand,  but  now 
all  riveting  is  done  by  machines,  except  tliose  joints  to  which  a 
machine  cannot  be  applied.  If  done  by  hand,  the  red-hot  rivet  ia 
inserted  in  the  liole.  and  the  second  head  formed  by  two  riveters 
working  with  hammers.  This  head  is  either  made  conical  by  the 
li;imniprfi  alcne  m-  finished  with  a  cu)>-shaped  die  called  a  "snap," 
This  hitter  is  Uie  iiioie  usual  method.  The  disadvantages  of  hand 
livetiiig  are  slownes-t  and  a  tendency  to  form  a  shoulder  before  the 
rivet  fills  the  hole. 
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Machine  riveting  is  preferable,  as  the  work  is  done  better, 
faster  and  more  accurately  ;  the  pressure  coming  gradually  on  the 
entire  rivet,  compresses  it  completely  into  the  hole  before  the  head 
is  formed.  Before  riveting,  care  should  be  taken  that  the  plates 
are  close  together,  so  that  a  shoulder  will  not  be  formed  between 
the  plates  and  prevent  a  good  joint  Rivets  should  always  be  put 
in  while  red  hot,  for  in  this  condition  they  are  more  easily  worked, 
and  when  they  cool  they  contiuct,  nipping  the  plates  together  in  a 
tight  joint. 

Hydraulic  riveting  is  more  gradual  and  is  generally  preferred 
to  steam  riveting.  The  pressure  from  the  steam  riveter  often 
comes  as  a  sudden  blow  and  does  not  allow  time  for  the  rivet  to 
completely  fill  the  hole. 


X:e7 


B 

Fig.  4. 


c 


It  is  sometimes  desirable  to  rivet  with  a  countersunk  head ; 
that  is,  the  rivet  does  not  project  above  the  plate.  The  counter- 
sunk head  is  formed  by  hammering  down  tlie  end  of  the  rivet  into 
the  countersink  in  the  plate.  This  form  is  shown  at  D,  Fig.  3. 
This  joint  is  often  used  in  shipbuilding  and  in  boiler  making  when 
it  is  necessary  to  attach  mountings.  It  sliould  always  be  avoided, 
if  possible,  on  account  of  its  weakness,  and  especially  when  the 
straining  force  acts  in  the  direction  of  the  length  of  the  rivet,  as 
the  head  has  a  very  insecure  hold  and  is  likely  to  be  pulled  through 
the  hole. 

Rivets  may  be  tested  in  a  boiler  shop  as  follows  :  the  rivet  to 
be  bent  cold  in  the  form  of  a  hook  around  another  rivet  of  the 


4T7 


14 


CONSTRUCTION    OF    BOILERS. 


r 


same  diameter,  and  ahow  no  flaws  or  cracks;  to  be  bent  hot  '4 
dowii  upon  iUielf  and  show  no  cracks,  head  to  be  flattened  while  ] 
hot  until  its  diameter  is  2^  times  the  diameter  of  the  shank,  and  j 
show  no  flaws. 

The  uniform  heatiog  of  J 
sleel  rivets  is    of    more 
portance  than  in  the  case  of 
iron  rivets,  where  it  is  si 
cient  to  heat  the  points  only. 
\     Steel  rivebi  also  should  not  1 
be  heated  to  a  white  heat,  aa 
iron    rivets    are,   but    to    a 
bright    cherry     red,    for     if 
heated  beyond  this  point  they 
will  burn.     The  fire  in  which 
steel  rivets  are  heated  should 
be  kept  thick,  and  the  draught 
moderate.     Thia  should  also  be  observed  in  heating  steel  pltt«8 
for  flanging. 

There  are  various  forms  and  strengths  of  liveted  joints.     It 


Fig.  7. 


is  obvious  that  in  punching  or  drilling,  a  plate  is  weakened  to  the 

extent  of  the  sectional  area  cut  out,  and  that  if  the  holee  are 
punched,  the  metul  between  the  holes  is  weakened,.  In  treating 
the  strength  of  a  joint  it  i.s  customury  to  speak  of  it  as  a  percent- 
;i{re  of  the  strength  of  an  unpuni'lied  plate. 

If  one  plate  ovi^rlaps  unoiher  and   is  riveted  to  it  by  ft  siugl« 
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row  of  rivets,  as  shown  in  Fig.  5,  it  is  called  a  single-riveted  lap 
joint.  This  joint  has  about  56  per  cent  of  the  strength  of  a  solid 
plate.  If  another  row  of  rivets  is  added,  it  is  called  a  double- 
riveted  lap  joint;  Fig.  6  shows  the  double-riveted  lap  joint  chain 
riveted,  and  Fig.  7  the  double-riveted  lap  joint  zigzag  riveted. 
Double  riveting  is  done  in  two  ways  :  zigzag,  or  staggered, 
and  chain.  When  rivets  are  put  in  so  that  the  rivets  of  one  row 
are  opposite  the  spaces  of  another  row,  it  is  called  zigzag  riveting 
or  staggered  riveting.  If  the  rivets  are  placed  immediately  oppo- 
site each  other,  it  is  called  chain  riveting. 


Fip.    S. 


If  the  two  plates  are  kept  in  the  same  plane  and  a  cover  or 
butt  strap  riveted  on,  it  is  called  butt  riveting  (Fig.  8,  in  which  A 
and  B  are  the  boiler  plates,  and  C  is  the  butt  strap).  If  an  inside 
butt  strap  is  added,  it  is  called  a  double  butt  joint  (Fig.  9).  Fig. 
10  shows  a  treble-riveted  butt  joint.  A  single  butt  joint  is  about 
equal  in  strength  to  a  lap  joint  having  but  one  row  of  rivets,  but 
a  double  butt  joint  is  considerably  stronger. 

In  this  latter  form  of  joint  the  rivets  have  double  shearing 
surfaces,  since  they  tend  to  shear  off  in  two  planes.  This  either 
makes  a  stronger  joint  or  allows  the  use  of  smaller  rivets.  la  the 
single  butt  joint  the  butt  strap  is  usually  about  1^  the  thickness 
of  the  plate,  and  if  the  inside  butt  strap  is  added,  each  butt  strap 
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is  made  about  g  the  plate  tluckDPBs.     Butt  joints  are  now  being 

UB«d  in  the  best  chiss  of  Ixiilers,  and  are  nsed  almost  entirely  for 

plates  less  than  i  inch  in  thickness. 

Lap  joints  are  used 
for  circumferential 
seams,  and  the  stronger 
joint,  the  butt,  for  longi- 
tudinal joints.  For  high 
piessui'^s  in  marine 
boilere,  triple  riveting 
!!<  frequently  used. 

If  !i  cover  plate  is 
riveted  on  the  outside 
of  a  lap  joint*  it  is  called 
ooinbined  lap  and  butt 
joint.      In    this    case 

there  are  three  rows  of  rivets,  tlie  middle  row  having  twice  as 

many  rivets  as  tlie   outer  rows.     Fig.  11   shows   tlie  combined 

joint. 

The  distance   between   the  centers  of   rivets  is  called    the 

'■  pitch."     The  mathematical  calculation  of  pitch  and  the  distance 

between  the  rivets  and  the  edge  of  the  plate  will  be  taken  up 

later. 

The  following  table  gives  an  idea  of  the  relative  strangthi 

of  riveted  joints : 
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FLANOINQ  IRON  AND  STEBL  PLATES. 

Iron  plates  are  more  severely  tested  by  flanging  than  by  any 
other  work  done  upon  them,  Tliia  is  due  to  their  fibroua  nature, 
and  great  care  is  necessary  to  prevent  breaking  in  the  bend,  if 
the  corner  is  shnrp. 


W  As   has    Wen   stated,    isteel    requires    uniform   heating   and 

■  moderate   curves.     Flanging   is  almost  entirely  done  to-day  by 

■  machines.  After  flanging,  the  steel  uhonld  be  annealed  by  beat- 
I  iug  the  whole  plate  uniformly  to  a  dull  red  heat,  and  allowing  it 
I  to  cool  alovrly. 


tin.  10. 


WELDED  J0INT5. 


Welded  jointe  for  boiler  shells  are  desirable.  By  their  use 
deposits  which  accumulate  on  and  around  rivet  heads  and  joints, 
used  by  leakage,  and  Innse  rivets,  are  done  away  with, 
and  calking  also.  Moreover,  a  perfectly  welded  joint  is  stronger 
than  the  best  riveted  joint,  and  approximates  nearly  to  tlie  origi- 
nal strength  of  the  plate.  Welded  steam  drums  are  used  now 
quit*  Axtensively  for  water-tube  boilers  of  the  marine  type. 

The  SDiiudn^.-'S  of  such  a  jninl  is  a  niaiu-r  oC  uncertainty,  and 


I  quits  Axt 
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depends  upon  the  skill  und  care  of  the  woricmeo.  It  is  impos- 
Mble,  tram  external  appenrances,  to  judge  the  soundness  of  a 
welded  joint.  The  principjil  use  of  welded  joints  is  for  furnace 
tubes  nnd  steum  domes,  liut  they  have  not  been  used  much  for 
iKtiJer  shells.  The 
lack  of  tests  on 
welded  joints  and 
the  small  amount  of 
information  on  tha 
subjeut,  render  the  re- 
sults of  experiments 
•  >i  little  value.  The 
weld  is  I»est  roads 
when  the  edges  of' 
the  plates  are  upseti 
at  rwl  heat,  to  nearly 
double  the  plate  thickness,  and  beveled  to  an  angle  of  about  45 
degrees.  The  edges  are  then  heated  together,  and  the  weld  mode 
by  hammering  down  the  joint  to  the  original  tliictoiess  of  tb 
plate. 

ARRANQEnENTS  OF  PLATES  AND  JOINTS. 
When  we  take  up  the  design  of  boilers  we  shall  see  that  a 
boiler  tend^  to  rupture  longitudinally.  The  reason  for  thia  is 
that  the  ifsistance  of  a  thin  cylinder  to  circamferential  rupture  is 
double  the  resistance  to  longitudinal.  Since  this  is  the  cBse^  lap 
joints  are  used  for  transverse  seams,  and  a  stronger  form  ^Ihe 
double  butt  joint)  is  used  for  the  longitudinal. 

At  the  junction  of  three  or  more  plates,  where  the  circumfer> 
entinl  Rud  longitudinal  joints  meet,  ordinary  riveted  jomts  would 
be  too  tliiok.  To  ovei-come  this  difficulty,  two  or  more  plates  an 
forged  thin  at  the  joint,  as  shown  in  Fig.  12. 

Whenever  longitudinal  and  girth  seams  meet,  the  plat«8 
should  be  arranged  to  "break  joints";  that  is,  one  longitudinal 
seam  sliould  not  l>e  a  continuation  of  another.  The  proper  a^ 
rangement  is  shown  in  Fig.  13. 

In  l>oih  vi-i'tiial  und  horizontal  boilers  the  inside  lap  is  made 
to  face  downward,  so  that  tt  will  not  foim  ii  ledge  for  the  coUec- 
lion  of  sediment 
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,t  should  In-  till;  itiaiiieter  of  a  piece  »»  it  cuiiifK  frttm 
I  it  is  to  be  gruund  to  ii  (liuitietvf  of  4  iiieliies '.' 
iG,    According  ia  Adiiy,  bow  long  wuitlil  il  tuki^  t<>  mill  a 
emit  iron  nuHhct  18  iiicbeG  long,  imd  16  incbex  wide,  witli   a  mill- 
ing cutt«r  6  inches  in  diameter  and  <l  inches  wide. 
^         17.    How  is  a  surface  prepaied  for  laying  tmt  wi.rk  ' 

J        18.    liow  are  tein[K)niry  joints  made? 
19.    How  niany  liorse-power  may  be  safely  tmusiiiitted   by  a 
gle  belt  8  inches  wide.  I'linning  over  a  86-inch   }ndley  which 
Aeii  175  revolutions  per  minute  V 

J'2U.    tjtate  some  uf  the  uses  of  tlie  milling  luactiiue. 
21.    How  are  case-hardened  pieces  usually  finished  T 
t      22.    What  tooli*  are  used  for  laying  out  work  ?     Kxplaiti  tbe 
ictjon  of  each. 

23.  Why  shoulcl   a   lathe  or    planer  tool    wmk    Ijeoealh    the 
face  of  a  casting'/ 

24.  How  m»y  the  power  transmitted  liy  thu  l)elt  in  Question 
be  increased  to  32  horse-power? 

25.  According  to  Addy'a  rule,  what  should  \>e  the  speed  of 
a  milling  cuttt-r  8  inches  in  <lianieler  when  working  in  cast  iron  ? 

26.  Which  is  preferable  for  high  polish,  new  or  old  emei'y 
cloth?     Why? 

27.  If  the  feed  is  1.5  inches  per  minute,  how  long  will  it 
take  to  cut  a  gi-oove  2  inches  wide,  4  feet  long,  ^  inch  deep? 
The  material  is  soft  nuicbinery  steel,  and  the  milling  cutter  is  21 
inches  in  diameter  and  IJ  inches  wide. 

28.  Should  work  be  caUpered  while  at  rest  or  while  in 
motion  ? 


RKVIETV^     QITKSTIONS 
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1.  If  they  are  near  together  how  are  two  flat  parallel  sur- 
faces staved  ? 

2.  Describe  a  rivet. 

3.  Since  copper  is  snch  a  desirable  metal  for  boiler  work 
why  is  it  not  used  more  extensively? 

4.  Why  is  a  large  factor  of  safety  used  for  stays  ? 

5.  State  what  you  can  (briefly)  about  the  injuries  done  to 
plates  by  punching  and  the  methods  employed  to  overcome  them. 

6.  Why  are  not  welded  joints  used  more  generally? 

7.  In  what  two  ways  are  tubes  fastened  to  the  tube  sheet? 

8.  Al)out  what  is  the  ratio  of  length  to  diameter  of  the 
multitubular  type  of  boiler? 

9.  Explain  riveting  with  countersunk  head. 

10.  Is  the  greatest  tendency  to  rupture  along  the  longitu- 
dinal or  the  circumferential  seams? 

11.  Why  is  the  length  of  a  grate  limited? 

12.  Which  is  the  stronger  form  of  riveting,  the  lap  joint  or 
<louble  butt  joint  (both  with  double  riveting)  ? 

13.  Why  are  the  short  screw  stay  bolts  turned  smooth  in 
the  center? 

14.  Why  are  flanged  joints  preferable  to  those  made  with 
cast  iron  angle  irons? 

15.  What  is  the  water-leg? 

16.  For  what  qualities  are  boiler  materials  tested? 

17.  What  is  the  principal  advantage  of  pneumatic  calking? 
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nn  of  a  boiler  between  the  shell  and  the  fumaoe  is 

iter  leg.     Figs.  14   to    20  inclHsive   ilUistrale  the 

natruclion  of  the  water  leg  and  the  jointa  aionnd  the 

f  door.     Figs.  14  and  16  Bhov  two  methoda  of  constructing 


=^|i* 


KiK-  14. 


[)QOOQOQQOC 
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the  water  leg.  In  Fig,  14  the  exterior  jil^te  and  the  furnace  platj 
are  riveted  to  the  ring  D  hy  nieaiie  of  long  rivets.  This  ring  is 
iisTiivlly  made  of  wioiiglit  iron,  but  in  many  cheap  boilers  it  is  of 
cast  iron.  In  Fi;,',  I'j  tlip  two  p!;ites  are  riveted  to  the  flanged 
ring  I>.  This  construction  is  better  thiin  the  solid  cast-iron  ting, 
on  account  of  flexibility,  but  the  junction  of  the  plates  D  and  C 
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forma  a  corner  in  which  sediment  is  deposited.  In  Fig.  17  the 
plate  B  is  flanged  and  riveted  to  C.  This  arrangement  requires 
less  rLveting  than  the  one  shown  in  Fig.  15.  Figs.  14,  15  and  17 
also  show  three  forms  of  construction  of  the  joints  around  the 


Fig.  16. 


o 
o 


Kig.  18. 


Fit:.  17. 


furnace  door.  In  Fig.  14  both  the  exterior  plate  and  the  furnace 
Bheet  are  flanged  and  riveted  together.  This  is  shown  in  an  en- 
Iwged  view  in  Fig.  18.  The  construction  shown  in  Figs.  15  and 
19  is  not  as  good  as  that  in  Fig.  14»  because  of  the  extta  riveting ; 
also,  it  has  two  comers,  B  and  C^  for  the  deposit  of  sediment. 
S^.  17  shows  a  somewhat  difl^erent  form  of  furnace  construction, 


487 


CONSTRUCTIONT    61'    ftOItEftS. 


23 


shell  are  sometimes   comiected  to  a  flaiiged   ring,  as  shown  in 
Fig.  24.     The  extra  row  of  rivets  makes  a  complex  joint 

In  vertical  boilers  the  external  fire-box  is  joined  to  the  cylin- 
drical shell  by  riveted  joints.  Figs.  25  and  26  show  two  forms; 
that  in  Fig.  25  being  the  better  on  account  of  the  flanged  ring, 


/^ 


Fig.  21 


Fipr.  22. 


Fig.  23. 


Fig.  24. 


which  allows  expansion  and  contraction  of  the  shell  and  furnace 
plates. 

Sometimes  the  case  occurs  of  connecting  two  plates  which  are 
parallel  and  near  together.     For  instance,  at  the  bottom  of  the 


Fig.  26. 


Fig.  26. 


locomotive  fire-box  a  connection  must  be  made  between  the  inner 
and  outer  fire-box.  The  water-leg  construction  is  a  similar  case. 
Several  methods  for  this  construction  are  shown  in  Fig.  27. 
Fig.  27a  is  too  complicated  and  is  undesirable,  both  on  account 
of  the  numerous  rivets  and  angle  irons,  and  on  account  of  the  in- 
side joints,  which  cannot  be  calked.  Fig.  27  b  is  better,  since  it 
has  but  one  angle  iron ;  it  has,  however,  the  undesirable  inside  joint. 
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Fig.  27d  is  a  good  joint)  the  form  of  connection  being  caUed  a 
channel  iron.  Fig.  27Ef  as  we  have  seen,  is  a  good  flexible  joinii 
but  it  has  the  undesirable  comer  where  stsdiment  lodges. 

We  have  thus  briefly  discussed  the  Tarious  methods  u^A 
arrangements  for  putting  shells  together,  and  now  let  us  return  to 
our  boiler,  which  is  ready  for  riyeting  at  the  hydraulic  riveter.  A 
few  rivets  are  first  driven  at  equal  intervals  around  the  ring  seam 


B 


C 


at  the  Kick  Lead,  The  nesason  for  drlvine  on'v  a  few  rirets  is 
that  am  em^rs  :::  the  sracic;^  of  lie  :  ;les  j^re  disirib-tod  ard  not 
accuivulated,  ai^  w ou.  i  be  tj.e  :a5r  if  ::-fT  were  driTcn  in  succes- 
siv^n.  From  ihis  point  en.  the  r>eiiii^  :>  c*:r  tin  Tied  until  the  shell 
is  OvMnpletelv  nreted  up. 

STAMML 

The  s^hrll  is  r.oxr  re^dr  :.-  rev:x:vr  the  siats..  Whe^  under 
ste^n:,  1  cv'.ir.drl:^  shell  i>  >rr.^:r-ei  Vt  intfrr^fJ  r-resf^nre  in  iwc 
dirextzor.Ss  :  :»r..riT  :  irirsvfrsfiT.  :t  k  ::r:  ;n:frfrr;kl  j^rr^n  d;aeto 

erv-e,  i.:.  1  l;rc-v.ii:ii^.^.  hr  :hr  rrt^urr  :c.  ihf  r^nos..     If  k  brifer 
xrere  >.  hrri.ikl  it  -or;- id  recz^re  r;:   j^t-.Tf^  rer-i-nsr   &  fr^he:*  5:2b- 

.r.trrriLi  vT--^urf  w:i:i>i  bciLrr  ti>fiii  c»z:  i:i'i  Te:::)i  t^  jriiif-  ibeir 
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ci  s^auL  drums  -ro:  hirfh-nres?!!!* 
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